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ABSTRACT

Since 1965, an index live-count method has been used tollgmstianate the number of coho
salmon in the escapement to the Skagit River. Theracg and precision of the estimates
from this method have never been critically examinAdb-year project to examine alternative
methods of estimating the number of wild coho salmotihénescapement to the Skagit River
began in 1986. In addition to the index live-count methloiet other methods of estimating
the coho salmon escapement to the Skagit River waraiead: (1) a mark-recapture method;
(2) a redd-count expansion method; and (3) a method basestioates of the proportional
contribution of hatchery-produced coho salmon to theltescapement. This report
documents the results of the mark-recapture portion of thgroject for 1986.

In 1986, coho salmon were captured with a beach seinedetiver miles 32 and 38 of the
Skagit River from 15 September through 14 November. A tdtal689 coho salmon were
tagged with a jaw tag and marked with an operculum punch. Vegs recovered during
surveys designed to randomly sample the coho salmon essapeSamples were collected at
13 areas in the Skagit River drainage: Marblemount HatclBaker River trap; spawning
grounds in the Middle Skagit, Upper Skagit, Lower Sauk, Middle Sdpger Sauk, Suiattle,
Cascade, Nookachamps, and Carpenter sub-basins; and nmeoah and test fisheries. A
total of 35,953 coho salmon were examined of which 35,042uvesle considered in-sample
and 911 were not considered part of the population subj¢ating.

A total of 310 tagged or marked coho salmon were recoveraagdorsample surveys. The
tag recovery data indicated that approximately 1% of di® salmon migrating through the
tagging area in the lower Skagit River were caught and tagg@ked. percentage of tagged or
marked coho salmon in the samples from nearly alither recovery areas (areas with seven
or more tag recoveries) was near 1%: Marblemount ldagch 1%; Baker River trap 1.0%;
commercial fishery 1.0%; Middle Skagit sub-basin 0.9%; Lo®wauk sub-basin 0.9%; and
Suiattle sub-basin 0.8%. The one exception was the M&hl sub-basin sample where only
0.4% of the fish examined were tagged or marked. The tayery data indicate that some
coho salmon from spawning areas substantially dowmstoéahe tagging site were present in
the tagging area. There were two tags recovered in 4l sakmon examined (0.5%) during
spawning ground surveys in the Nookachamps and Carpenteasiub:-b

The estimated abundance of coho salmon in 1986 was 161,92&ithsh 95% confidence
interval of 143,082 to 188,325 fish. This estimate is fomtn@ber of coho salmon migrating
through the tagging area after tagging began on 15 Septertibecludes all coho salmon
bound for spawning areas above the tagging area and an unkiagtion of the salmon from
spawning areas in the Nookachamps and Carpenter sub-basissabundance estimate was
very precise (CV = 6.5%) because of the large numbeisiofeikamined for tags during in-
sample surveys. To restrict the estimate to spawmggsan the Middle Skagit sub-basin and
spawning areas above it, adjustments were made to theenwhtags released. Using the
adjusted number of tags released, the estimated abundarités foore restricted area was
155,889 coho salmornThe total return of coho salmon to Skagit Bay in 1986 is estimated
to be 187,525 fish. There were an estimated 139,153 naturally-spawgicoho salmon in
the escapement to Skagit River spawning ground427,750 fish were estimated to have
reached upstream spawning grounds and 11,403 coho salmon \ireegegisfor lower river
(Nookachamps and Carpenter sub-basins) spawning groundssuyseeary table on the
next page).



Table summarizing the total return of coho salmon to
Skagit Bay in 1986 by major components.

Component Number of Figh
Total Terminal Run Size 187,525
Marblemount Hatchery 12,970
Baker River Hatchery 2,322
Commercial Fishery Catches 29,876
Test Fishery Catches 3,204
Subtotal 48,372

Wild Escapement

Upstream Areas 127,750
Lower Areas 11,403
Subtotal 139,153
Sport Catch 1,819

& An unknown portion of the sport catch should be subtracted
from the wild escapement and the remainder added to the
total terminal run size.
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INTRODUCTION

The Skagit River is the largest river system in the P&gaind region. It has 162 miles of
mainstem river and its headwaters are in Canada (Figur@his system is one of the largest
producers of coho salmom®iicorhynchus kisutch) in northern Puget Sound. Coho salmon
from the Skagit River are caught in fisheries from Rerh California to Southeast Alaska and
are a major contributor to fisheries in the insidaineawaters of Georgia Strait and Puget
Sound (PFMC 1992). The Skagit River is managed for naturduption of coho salmon
(subsequently referred to as wild coho salmon). Insygdren the numbers of wild coho
salmon projected to return to the Skagit River are shigllleries from Cape Falcon, Oregon
to the US/Canada border have been constrained to ptbese fish (PFMC 1986, pg. 1lI-9;
and PFMC 1988, pg. IlI-11). Accurate annual assessmente®ak status are required for
coho salmon from the Skagit River because this stockaffact the management of fisheries
over such a large geographic area. This ensures thatidis are not unnecessarily restricted
during years when there is not a conservation probfehrpeaevents over-harvest of wild coho
salmon from the Skagit River during years of small returAn important component of the
information needed to accurately assess the statutdatatio salmon from the Skagit River is
an annual estimate of the number of coho salmonansgfawning escapement. Spawning
escapement, as used in this report, refers to the nwhbdult coho salmon which are present
in all natural spawning areas of the Skagit River ane hlae potential to spawn in these areas.
It does not include coho salmon returning to Marblemdtatchery or to the release site for
hatchery-produced coho salmon at the Baker River dam.

Since 1965, the Washington Department of Fish and WilW@FW) has used an index live-
count method to annually estimate the escapement of €almon to the Skagit River (Flint
1983). The accuracy and precision of the estimates th@method have not been critically
examined. A five-year project to examine alternamnethods of estimating the number of wild
coho salmon in the spawning escapement to the Skagit ®Ras begun in 1986. This project
was conducted by the Skagit System Cooperative (SSQ@oipecation with personnel from
WDFW and Puget Power and Light. Three methods of egtightite spawning escapement of
coho salmon to the Skagit River were examined: (l)agk4recapture method; (2) a redd-
count method; and (3) a method based on estimates gbrdmortional contribution of
hatchery-produced coho salmon to the total escapement.

This report is the first in a series of reports thal document the studies conducted from
1986 through 1990 which examined different methods for estim#tm escapement of coho
salmon to the Skagit RiverThis report summarizes the data and documents the results
the mark-recapture portion of the project for 1986 Reports documenting the results for
the other years that tagging was conducted (1987, 1988, 1989, and 1890)eamther
methods of estimation will follow. Some summary daban these other years of the study are
presented in this report as these data support some asshmptions required for the analysis
of the tagging data from 1986.
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METHODS

The description of methods is divided into five sectionBhe first section describes the
methods used to capture coho salmon for tagging and the gaggicedures. The next
section describes the surveys used to recover tags. inthides a description of the survey
procedures for each of the tag recovery areas. Sethti@we describes the statistical
procedures used to estimate the abundance of coho sabnonthke tag release-and-recovery
data. The fourth section describes studies designedinmatsimortality due to tagging that
were conducted during the five years of the study. The dastion describes some
miscellaneous analyses conducted to examine migratioimgtiand the sex and length
composition of the coho salmon that were sampled.

Tagqging Methods

Beach Seining:

Coho salmon were captured for tagging using a beach sperated by a five-man crew.
Seining was conducted at nine sites in an area betwegmmile (RM) 32 and RM 38 of the
Skagit River (Figure 2). A'3mesh, monofilament beach seine that was 4@ by 20 deep
was used to capture coho salmon. The net had laud6 made of 2 knotless seine material.
Cork spacing was'8on the bunt and two feet on the rest of the netjaadline was hung
with 15 Ib per 600f net. Modifications in net dimensions occurred véwen the seine was
damaged. Due to heavy use, the leadline was rehung alerytfeur fishing days and the
monofilament was replaced after every eight to tdmniisdays.

A boat was used to set the beach seine. One ené skie was held by two crew members
on a gravel bar while the boat backed away from tbeesand the net was set off the bow of
the boat. When the entire net was out, the boateélde net was towed downstream. The
other end of the net was attached to a four-wheel tiniek and driven slowly downstream.
Care was taken to prevent the shore-end of the netdedting ahead of the boat because fish
tended to lead away from the shore and around the latng the drift, a seine plunger (a
long pole with a cup on the end) was slammed into therwsgriodically to drive fish away
from the river-end of the net and toward the shoret a Are-designated point the boat
returned to the gravel bar. Upon reaching the shoeebdhat-end of the net was attached to
the back of a second four-wheel drive truck. Both trubks pulled the net up the gravel bar,
perpendicular to the river, until only the bunt end of tkeé was in the water. The five-man
crew then pulled the bunt in by hand until the leadline wa shore while the cork line and
ends were cradled by the crew.
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Tagging Procedures:

Coho salmon were removed from the bunt and placed ititer ®f two net pens adjacent to
the capture site. All other species were counted andnest to the river. The pens were 3
by 5 by 5, constructed of PVC, and covered with'OJnotless nylon mesh. Each coho
salmon was taken from a net pen by a sampler wearittgncgloves and placed on a
V-shaped measuring board lined with high-density foam.eduentially-numbered hog rihg
was clamped around the lower left mandible of eachufssing a pair of hog-ring pliers and a
3/8" hole was punched in the rear center of each gill opercwith a paper hole-puncher.
The fork length (measured to the nearest cm), sex effish, any external marks, and a
gualitative assessment of maturity (bright, blush, ok)daere recorded for each fish with the
date and tag number. Each tagged salmon was held getily water until its equilibrium
was regained before being released. If a tagged fish didwion away or appeared to be
injured it was given a condition rating of “X-". Fishat swam away normally were given a
condition rating of “X”. If a fish was especially vigmus when released a condition rating of
“X+” was assigned. Fish with severe physical impairtséea.g., 50% scale loss, torn opercula,
deep predator wounds) were released untagged. These inclukecblar salmon (male
salmon under 30 cm in length) which generally gilled inrteeand were unfit for tagging.

Tag Recovery Surveys

Only tags recovered during surveys designed to randomly sémept®ho salmon escapement
were used for the abundance estimates. These anedeferasn-sample recoveries Tag
recovery surveys were conducted by sampling: (1) alldjsowned, surplused, or otherwise
sacrificed at Marblemount Hatchery; (2) all fish caughthe fish trap at Baker River dam;
(3) the catch by the in-river commercial fishery; éltest fishery catches; (5) every reachable
and identifiable dead coho salmon found during spawning groundsys; and (6) every coho
salmon caught in traps operated on Fisher Creek (a mybistaCarpenter Creek) and Hansen
Creek (a tributary to the Middle Skagit sub-basin). Dumagh survey or day of trap
operation, the date, number of coho salmon inspectethd®; number of tagged or marked
(with the opercula punches) fish found, and tag numberdl oblao salmon recovered with
legible jaw tags were recorded.

Marblemount Hatchery:

Samples were collected by three different methods atFWB Marblemount Hatchery:
spawned fish, surplused fish, and pond mortalities. Aftgrprocessing, hatchery personnel
sorted the fish from these groups into separate binsafpged/marked and unmarked fish.
SSC crews then re-checked these bins for coho samtbntags or marks. The date of
sampling, number of coho salmon inspected for tags, nuailiagged or marked fish found,
and tag numbers of all coho salmon recovered with gl tags were recorded.

! Aluminum bird bands were placed on 139 coho salmon.



Coho salmon were spawned at Marblemount Hatchery tet mpecific egg-take goals.
Spawning was conducted when the portion of the run fromhwidggs were desired was
present and there were large numbers of fish in thdingolponds. Hatchery personnel
selected fish for spawning and sorted them into the &ftes spawning for SSC crews to
examine. Surplused fish were those in excess of thvengpa needed for eggs. Surplus coho
salmon were periodically sacrificed and sorted into bms. The holding pond was
periodically surveyed for mortalities and any dead colm@awere removed and sorted into
the bins. A schematic of the Marblemount Hatchamsing procedure is shown in Figure 3.

Except for the pond mortalities, hatchery personnetcsedl the coho salmon for the other two
groups, spawned and surplused, according to a visual assess$itienfish and the timing of
the return to Marblemount Hatchery. Therefore, thigse were not strictly sampled at
random and the percentage of tagged fish in these sampgleshave been influenced by the
selection process. However, sincecaho salmon returning to the hatchery were sampled, th
Marblemount Hatchery sample was a census and the saotplefor the entire spawning
season provided the best estimate of the percentagggdd coho salmon at Marblemount
Hatchery.

Baker River Trap:

A fish trap at Baker River dam caught all upstream miggagaimon. _Allcoho salmon caught
at the trap were examined. Fish caught in the trap wereded into a brail and several
removed at a time onto a sorting table. Each colmosawas examined for a tag or mark.
The sample date, condition, and tag number (when legiged recorded for any jaw-tagged
or opercula-punched coho salmon. After all live fisthia brail were removed, the racks and
screen of the trap were searched for dead fish. Tdrereentically to the Marblemount
Hatchery sample, the Baker River trap sample was aisamsl the sample total for the entire
spawning season provided the best estimate of the pageenf tagged coho salmon at the
Baker River trap.

The Baker River stock is one of the earliest returomigo salmon stocks to the Skagit River.
Coho salmon were counted at the Baker River trap beéémging began in the lower river
during two years of the study. In the other years efstludy, coho salmon were counted at
the trap so soon after tagging was initiated that wenasd some fish had migrated past the
tagging site before tagging had begun and, therefore, wesibgct to capture. Since these
early-arriving fish were not subject to tagging, we edetl them from the number of fish
examined for tags that was used for the population estinfaé., they were not considered in-
sample). We examined the number of days between eedgmlsrecapture for all coho salmon
recovered at the Baker River trap during the five yeltagging. The minimum travel time
(number of days between being tagged and released intbe iwer and recovered at Baker
River trap) during the study years was used to determirghwlhiearly-arriving fish should be
excluded from the in-sample survey (census) at Baker Rapr To be consistent, this overall
minimum travel time was used in all five years of shedy.
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In-River Commercial and Test Fisheries:

Tag recovery samples from the commercial catch wellected in conjunction with routine

commercial catch sampling activities. The Skagit Rigedivided into statistical areas for
commercial catch regulation (Figure 4). To allow tagovecy samples from the catch to be
analyzed by area of capture, all major salmon buyerse wstructed to place catches from
each statistical area into separate bins. This ocadwduring the fishery for chum salmon and
the early part of the fishery for steelhead in the Wi§lagit River. In 1986, samples were not
allocated to the sub-areas (78D-2, 78D-3, etc.) within At8B so we assumed that all
samples were collected from the upstream areas (78D-3 od)/&ID the population analyses.

Incidental catches of coho salmon during the later piathe steelhead fishery in the Upper
Skagit River were not sorted by area.

A test fishery was conducted each year by an SSCta@novide an in-season assessment of
the size of the coho salmon run. In 1986, test fisheviere conducted in: Areas 2, 3, and 4;
and at Blakes; Jetty (in Skagit Bay); and Spudhouse (Figur®#diff. and set gill nets used at
the test fish sites had mesh sizes ranging frénio56'. Hayman (1996) describes the test
fishing procedures in detail. All coho salmon caught duitiegtest fishery were inspected for
tags or marks.

Both WDFW and tribal commercial catch and hatchergpdars in areas outside of the Skagit
River were notified to look for jaw tags from the Skdgiwer study. These recoveries allowed
us to assess the degree of out-of-system straying far salmon tagged in the mainstem of
the Skagit River.

Spawning Grounds:

Tag recovery surveys of the spawning grounds were condurct@shjunction with surveys to
estimate the coho salmon escapement using redd coumsafCet al. 1993). For the redd-
count method, the Skagit River system was stratifiemtimé nine sub-basins listed by Johnson
(1986): Carpenter; Nookachamps; Middle Skagit; Upper Skagit; L&aek; Middle Sauk;
Upper Sauk; Suiattle; and Cascade (Figure 1). Stream secdtioeach sub-basin were
surveyed from one to 23 times during the spawning perioddioo salmon. In 1986, about
43% of the total length of potential spawning habitatthe Skagit River was surveyed
(Conrad et al. 1993). During spawning ground surveys, any salhwn carcasses observed
were sampled for jaw tags and opercula marks. Gill opexulantagged carcasses were
carefully inspected for marks or healed marks. A healsge(erated) mark was evident as a
perfectly round discoloration on the gill cover that vigkter in color than the surrounding
opercular tissue. Occasionally a carcass could noaropled because of a missing head due
to advanced decomposition or removal by predators. Upedmarcasses were tallied during
each survey. The date, survey location, number of salmon carcasses sampled, number of
tagged or marked fish recovered, and tag numbers of all salhmn recovered with legible
jaw tags were recorded during these surveys. The caudal &fh sampled carcasses was
removed to prevent the carcass from being sampled agang dubsequent surveys.
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Tributary Traps:

SSC operated two fish traps in 1986. One was on FistegkCa tributary to Carpenter
Creek, and the other was on Hansen Creek, a tribuidahetMiddle Skagit River (Figure 1).
These traps were located in areas that had easy iatitgsa section of relatively straight
stream channel with a low gradient, and a stable saibstBoth traps were wooden weirs that
blocked the entire creek and funneled fish into a live bo

All traps were checked and cleaned at least twice dailknotless-nylon dip net was used to
move the trapped coho salmon into a 30-gallon plasticacent filled with water. All coho
salmon caught were examined for tags or marks and tleased upstream. A Petersen disk
tag and a unique operculum punch (i.e., a punch pattern diffeoemtthat used in the main-
river tagging) were placed on all coho salmon releasedeathe traps. The trap crews also
recovered tags at the weirs from spawned-out carcassels had washed downstream from
the spawning areas (called rack recoveries). The céindahs cut off all rack recoveries.
The date, number of coho salmon sampled, number of taggedrked fish recovered, and
tag numbers of all coho salmon recovered with legivetpgs were recorded.

Abundance Estimates

Two different mark-recapture models were used to estitt@enumber of coho salmon
passing through the tagging area in the lower Skagit RiverPetersen estimation model and
Darroch’s stratified estimation model. When tagging eswbvery occur over an extended
time period, such as occurred in this study, it is not mmeon to observe temporal changes in:
(1) the probability of capture of fish in the target popatg and/or (2) the probability of
finding a tagged fish during tag recovery surveys. When sbhahges occur the Petersen
model is often not the appropriate estimation modebeSg1982) describes a serieXtests

to determine whether the data are consistent witbtargen estimate. Specifically, the tests
determine whether the data are consistent with th@mMog four conditions: (1) there was
uniform recovery of tags across the tag recoveryast(&) there was uniform tagging across
the tag release strata; (3) there was complete miXingeopopulation between tagging and
recovery; and (4) the expected number of tags recovereacm stratum was proportional to
the number of unmarked individuals present.

Eames et al. (1981, 1983) describe the exact form of thetefor a study similar to ours in
both the study design and estimation procedures. They edpthum and coho salmon in
marine areas immediately in front of the mouths ojomaver systems in Puget Sound and
tagged the fish with jaw tags. Tags were recovered dutingeys of spawning grounds
throughout these river systems. We followed procedundlaisto those described by Eames
et al. (1981, 1983) to determine the appropriate estimationlmode
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Petersen Estimation Model:

The simplest and most commonly used model for estimatwgpdance from mark-recapture
data is the Petersen model. Six basic assumptiohe éfdtersen model are (Seber 1982):

1. The population is closed. There is no immigrationigeation, recruitment, or death of
animals during the mark-recapture experiment.

2. All animals in the population have an equal probghlitcapture during the first (tagging)
sample.

3. The second (recovery) sample is a simple random sarhfle population.
4. Tagging does not affect the catchability of an ahima

5. Animals do not lose their tags between the fisgding) sample and second (recovery)
sample and there is no tagging-induced mortality.

6. Alltagged animals are reported (recognized) in thensesample.

The first assumption can be liberalized by specifyirg@bint in time (or space) the population
estimate applies. Permanent emigration can be viewed@ocess identical to death since
both effectively remove animals from the populatiddimilarly, recruitment and immigration
can be considered identical processes since both ad@lamot subject to tagging to the
population. Therefore, emigration can be substitutedrortality and immigration can be
substituted for recruitment in alternate assumptions dd larelow (Seber 1982):

la. There is mortality, but no recruitment, and thetatfity is a simple random process with
an equal probability of death for all animals in the papoih. The estimate is for the
population size at the time of the first (tagging) sample.

1b. If there is recruitment into the population, butnmartality, then a Petersen estimate is a
valid estimate of the population size at the time ef¢bcond (recovery) sample.

The Petersen model can be used to estimate the sareagfen population if assumption 1a or
1b is met in addition to assumptions 2-6. If different gegptmethods are used for the tagging
and recovery samples, or more specifically if the sssiaf selectivity of the two samples are
independent, then assumptions 2 or 3 can be violated undsalspecumstances (Seber

1982). If the first (tagging) sample is a simple random sawipihe population (assumption 2

true) then the second (recovery) sample can be higldgtsve (non-random), provided the

selectivity is independent of mark status (assumption 4.tr@nversely, the initial capture

sample can be selective (non-random) provided that assms@tand 4 are true.

Robson and Regier (1964) recommend that a Petersen estitiatde a minimum of seven

tag recaptures to ensure that the bias of the estimaegligible. Therefore, we estimated
abundance from the tagging data only when there weeastt $evemecaptures of tagged or
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marked coho salmon from a recovery area. When appteppapulation size was estimated
using Chapman’s unbiased form of the Petersen estiabe( 1982):

Nz(m+1)(0+1)—l 1]
(r+2

An approximately unbiased estimate of the varianchl d§ (Seber 1982):

_ (m+Dc+D(m-r)(c-r)

V(N) (r+1)>%(r+2) 2]
whereN = the estimated number of coho salmon in the population
m = the number of coho salmon tagged and released,
¢ = the number of coho salmon in the second (recovaayple examined for
tags, and
r = the number of tagged (or marked) coho salmon in thense(recovery)
sample.

When p, the percentage of tagged fish in the recovery sangple i/c x 100%), was less than

10% and the number of tags recovenddn(as less than 50, a 95% confidence intervalNor
was estimated using the Poisson approximation and Tdbla 8eber (1982). Whep was

less than 10% andwas greater than 50, a 95% confidence intervapfavas estimated using
a normal approximation which was then inverted foowfidence interval fol\ (Seber 1982).

For any Petersen-type estimator (including DarrochratiBed estimator), the abundance
estimate depends upgm, the proportion of the population tagged. The proporticiags in

the second (recovery) sample provides an estimape @enerally, ap becomes smaller the
estimated abundance becomes larger for a given numtsgofeleased.

Darroch’s Stratified Estimation Model:

Darroch (1961) developed a stratified population model for guasulations that is not
predicated on constant probabilities of capture or rggové&he necessary assumptions for
this model are (Seber 1982):

1. All animals in thé™ release stratum (tagging sample) have an equal probabiiigpture.

2. All animals in thg™ recovery stratum (recovery sample), whether tagged t@mgged,
have an equal probability of being sampled by the regquwercess.

3. Tagged animals behave independently of one anothemrregpect to movement among
strata and being recaptured.

12



In addition, assumptions 4-6 listed previously for the Betemodel must be satisfied.

When the number of release and recovery strata ard #gguatratified estimator for open
populations is (Seber 1982):

N=D,M™a [3]
where_N = a vector with the estimates of the number_of untdggdo salmon in each
tag release stratum just after the release of the tdigped
D, = adiagonal matrix with the number of untagged cohomalobserved in each
recovery stratum
M = a matrix of mj, the number of tagged coho salmon in each recovextustr,
which were released in tagging stratyrand
a = avector with the number of tagged coho salmonsetkan tagging stratum

The estimated number of animals present in each eeestum at the time of tagging is the
sum of the estimated number of untagged animals preserthamdimber of tagged animals
released in the stratum. The sum of these estimgtstsdium is the total abundance estimate.
The variance-covariance matrix @ is estimated as described on pages 433-434 of Seber
(1982). The variance of the total abundance estimatbeissum of the elements of the
variance-covariance matrix.

If there are more release strata than recovery stratg)(the stratified estimator becomes
(Darroch 1961):

W =D,[xD;'M] v 4]
whereW = a vector with the estimates of the number of untaggdo salmon in each
tag release stratum just after the release of the tdigped
D, = adiagonal matrix with the number of untagged cohomalobserved in each
recovery stratum
X = aj byi constraint matrix which specifies which releasatstiare to be pooled
(see Seber [1982] for detalls),
D, = a diagonal matrix with the number of tagged coho salmfeased in tagging
stratumi,
M = a matrix of mj, the number of tagged coho salmon in each recovextustr,
which were released in tagging stratyrand
v = avector of length with a zero in every position but the last elemehictvis
1.0.

The variance-covariance matrixﬂ Is estimated using equations 11.20-11.23 on page 441 of
Seber (1982). Total abundance and the variance of tineat=t total are estimated similarly
to N.
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Both of Darroch’s estimators (equations 3 and 4) arsitsento the configuration of the data
used in the model and can sometimes give estimatd3 fdnich are less than zero or greater
than oné This indicates that the tagging data are not meetimg@$sumptions necessary for
the model (Seber 1982). Often this problem can be edbdly pooling appropriate data or
redefining the release and/or recovery strataP; Was negative or greater than 1.0 in one or
more of the original strata defined for a model, aliegrmethods of stratifying were examined.
In order to pool samples for the stratified estimatd,amly must the percentage of tagged fish
in the samples not be significantly different, but thg recoveries by release strata in the
samples to be pooled should be proportional (Seber 1982%* tést was used to test tag
recovery rates for equality and to determine if recpgémata were proportional. If more than
one abundance estimate was possible from the altgppalig strategies for a particular set
of data, the estimate with the smallest coeffic@ntariatiori was selected as the “best”.

Definition of Strata:

Two different tag recovery percentages were examinedetop define tag release and tag
recovery strata. To determine if the probabilityfiofling a tagged fish in recovery samples
was different among recovery locations or among diffetine periods at the same location,
the percentages of tags in recovery sampgeas(defined previously) were compared. The
percentages of tags recovered from releases during spgoédistratayt, were compared to
determine if there were differences in the probaldityecovering fish tagged during different
segments of the release period. For these testsina@essary to define temporal strata for
both the tag release data and the tag recovery datafomrecovery area.

Tag release strata were established by dividing thaseldata into four to six strata with
about an equal number of days of tagging in each stratuine. p&rcentages of tagged fish
recovered from the release stratg (vere tested to determine if they were equal. If a
significant difference was foundP(< 0.10) additionalX® tests were conducted to more
precisely define the release strata by pooling adjesteata which did not have significantly
different Tt

Three different criteria were used to establish tagwexy strata: (1) number of days of
sampling; (2) number of tags recovered; and (3) number sbf éxamined for tags.
Initially, two recovery strata were defined by dividitige data so there were approximately
equal numbers of the criteria (days surveyed, numbergsf t&d number of fish examined) in
each stratum. The percentages of tagged fish in eaokergcstratum @) were tested to
determine if they were equal among recovery strataefmoh stratification criteria. If a
significant difference was foundP(< 0.10) additionaX® tests were conducted within the
initially-defined strata to more precisely define theavery strata.

? P, is the probability of an animal surviving and, ifstimn thejth stratum, being caught.

gtandard error of N

® Coefficient of variation (CV) = X 100% .
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Testingp andrt

Tests were conducted to determine if there were signfficlifferences in tag recovery
percentages (eithgr or ) between different samples or groups of fish (e.g., éetmsurveys
conducted by SSC and WDFW, or between samples collected) dlifferent time periods, or
between samples collected at different locations,etwéen male and female coho salmon).
When the expected number of tag recoveries for each gnoapcomparison was five or
greater, a standarf test (Conover 1980) was used to test for differenceagnrécovery
percentagesp(or m). If the number of tag recoveries was insufficient &4 X* test (one or
more cells with expected frequencies less than fivd)there were only two release strata or
recovery locations to compare, Fisher's exact t€sinpver 1980) was used. Otherwise, an
approximate randomization test (ART) was conducted (NMorE®@89). An approximate
randomization test is a computer-intensive methodstinig whether the data in a contingency
table are similar. It is similar to Fisher’'s exéest but uses a computer to repeatedly resample
the data and approximately estimate the probabilitybséoving the configuration of the data
in the table (under the null hypothesis that the sangpkefrom the same population).

Selection of Estimation Models:

If we assume that coho salmon bound for each recarery are randomly sampled as they
migrate through the lower river tagging area, the regodlata (number of tagged or marked
fish found and number of fish examined) from each regoaeea can be used to estimpte
the percentage of the population that was tagged. If ypethesis of equajp among

recovery areas was not reject&d>0.10), the tag recovery data from the different aneae
pooled. The pooled data were then used in the tests ¢onulet if the tag release-and-
recovery data were consistent with the Petersen matlelfeel that the variation ip among

the recovery areas generally reflects sampling vanat the recovery areas. The number of
carcasses examined for tags was relatively small fome recovery areas. In some cases, all
samples were collected from a relatively discrete and@n the general recovery area which
could influence the proportion of tagged carcasses presgemerally, the areas with greatly
different recovery percentages (more than a 0.5% differétom the major recovery areas)
had less than seven tag recoveries each. The diffpegoulation estimates that were
generated using the data from different recovery aregso@ed recovery areas) were usually
not significantly different from each other. Themrefowe selected the estimate with the
smallest coefficient of variation as the “best"iraste of abundance for each year.

The model used to estimate abundance, simple Petersddamoch’'s stratified, was

determined by the results of the tests for the camsigtof the data. The fou¥f tests used to
determine consistency are described by Seber (1982) drantys et al. (1981, 1983).
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Allocating Marked-Only Fish to Release Strata:

From 12% to 24% of the in-sample recoveries each yehahag with an illegible number or
had no tag and were identified as tagged fish by the opgraothes. The release stratum for
these fish was unknown and had to be estimated fortrtdu#fisd estimator. Marked fish with
missing or illegible tags were allocated to releasatatwithin a recovery area based on the
proportional distribution of legible tags from each re¢eatratum. This assumes that tag loss
or tag illegibility is a random process and that colmea tagged during each release stratum
have equal rates of tag loss, therefore, fish witlsingsor illegible tags are assumed to have a
similar distribution for stratum of release as fishthwmegible tags. If tag loss (or a tag
becoming illegible) is a time dependent process, théntdgged during the earlier release
strata might be expected to have higher rates of taglus this assumption would not be true.
Eames et al. (1981, 1983) used procedures similar to oursotatallfish recovered with
missing tags to release strata in their study. Eirotee assignment of marked-only fish to
release strata affect only the Darroch estimate.

For recovery arepg the number of tagged coho salmon recovered which reérased during

stratumi was estimated as:
_— ( t; j“ -
r.=U. .
1] ] 1]
Ztij

wheref; = the estimated number of tags recovered from reftesgimi,
U, = the number of fish recovered with missing or illégitags in recovery arga
and
t; = the number of legible tags recovered in recoverg prhat were released

during release stratum
All estimates were rounded to the nearest 0.1 tag.

Tagqging Mortality

Other fishery investigations have documented that taggaces considerable stress on fish
and may cause premature death of some tagged individuals (8&8). Unaccounted for
tagging mortality causes the population to be over-estonsince there are fewer tags in the
population available for recapture than the number otiginaeleased if)). Experiments to
determine if jaw-tagged coho salmon experienced taggingalinpmvere conducted in 1986,
1987, 1988, and 1989. We feel it is more valuable to considaesuds from these tests
together rather than each year’'s experiment by.itSéierefore, we are presenting the tagging
mortality experiments conducted during all years of tlelyst We feel the results of these
experiments, considered as a whole, are applicablectooddhe study years.
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The fish in the treatment and control groups used iretlegperiments were monitored for
premature mortality. Premature mortality was definethasleath of an “unripe” fish. It was
assumed that fish which died prior to spawning would havd dikile holding in deep
mainstem pools and would not have been easily recovwetele ripe and spawning fish would
have moved up into spawning areas, and their carcassdshave been recovered at the same
rate as other unmarked fish. The treatment and cogwtoolps were checked daily. During
each check, observers recorded the date, weather oosdand any signs of animal or human
trespassing. If any dead fish were observed, the taganufifipresent) or mark (if present),
and spawning condition (spawned out, ripe, or unripe) wegded.

Fisher’'s exact test was used to test the hypothesistitk mortality rates (number of coho
salmon dying unripe before spawning) for the treatmeahtcantrol groups were equal.

1986:

Three groups of coho salmon were used in the experiragatv-tagged treatment group, a
control group from Marblemount Hatchery, and a controugrfrom the Baker River trap.
The treatment group consisted of 47 coho salmon that vegtered on 4 November with the
beach seine at Lyman and jaw-tagged. The fish wereltizgled into a transport truck and
taken to Marblemount Hatchery where they were hefdreceway. The Marblemount control
group consisted of 47 unmarked coho salmon that were renfoM@da holding pond at
Marblemount on 6 November, loaded into a transport trddken for an amount of time
equivalent to the treatment group, and put into the sacesvesy as the treatment group. The
Baker control group was used to determine whether beidgrhal non-natal water supply put
additional stress on the treatment group. On 7 Noverldecoho salmon with adipose fin
clips were loaded from the Baker River trap into a partstruck, driven to Marblemount, and
put into the same raceway as the other two groups.

1987:

In 1987 only two experimental groups were used, the treatgrenfp and a single control

group. The treatment group consisted of 25 coho salmomwtrat captured on 27 October
with the beach seine at Lyman and jaw-tagged. Thewfexle then loaded into a transport
truck and taken to a fenced-off section of Careys Creaaravthey were held. The control
group consisted of 24 coho salmon taken from Clark Cree&higt on 27 October, loaded

into a transport truck, driven for an amount of time egjaimt to the treatment group, and put
into the same section of Careys Creek. These #sie then monitored for a total of 106 days
(from 27 October, 1987 through 10 February, 1988).

1988:

In 1988 two separate mortality tests were conducted, oerarlp October and one in early
November, to determine whether tagging mortality wesctdd by the time of tagging.
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The early-treatment group consisted of 25 coho salmdamiiige captured on 3 October with

the beach seine at Lyman and jaw-tagged. The fishtwereloaded into a transport truck and
taken to a fenced-off section of Careys Creek whesg tere held. On the same day, 25
coho salmon trapped at Baker River were loaded into respgoat truck, driven to Careys

Creek, and released into the same stream sectior &g#tment group.

The late-treatment group consisted of 25 coho salmonwteet captured on 10 November
with the beach seine at Lyman and jaw-tagged. Thewfexte then loaded into a transport
truck and taken to a fenced-off section of Careys Crderavthey were held. On the same
day, 25 coho salmon from Marblemount Hatchery were hade a transport truck, driven to
Careys Creek, and released into the same streamrsastithe treatment group. These fish
were monitored until 20 January, 1989 (there were no lsre riemaining in the fenced-off
section of Careys Creek after this date).

1989:

In 1989 there were two experimental groups, the treatmenfpgind a single control group.
The treatment group consisted of 24 coho salmon that eagteired on 18 October with the
beach seine at Lyman and jaw-tagged. The fish wereltlaeled into a transport truck and
taken to a fenced-off section of Careys Creek whesg tere held. On the same day, 25
coho salmon trapped at Baker River were loaded into respgoat truck, driven to Careys
Creek, and released into the same stream sectioe ag&timent group. These fish were then
monitored for 35 days (from 18 October through 22 November).

Additional Analyses

Several additional analyses of the data collected duaimpgirig and tag recovery surveys were
conducted. These included analyses to determine thegtinfirthe migration of different
spawning groups through the tagging area and analyses ohddength composition data.
These analyses were not required for the abundanceatgtifout were conducted to describe
the characteristics of the annual return of coho @alte the Skagit River during the study
years.

Migratory Timing to Major Recovery Areas:

The timing of coho salmon migrating through the loweenritagging area was estimated from
an analysis of the release dates of the tags reacbwerach major recovery area (excluding
commercial and test fisheries). Only areas with ¢enmore legible tag recoveries were
included in the analyses. Ten, 10-day time periods weiligedefor the migratory timing
calculations: (1) 1 September to 10 September; (2) 11 Septetab0 September;
(3) 21 September to 30 September; (4) 1 October to 10 Oct¢berll October to
20 October; (6) 21 October to 30 October; (7) 31 OctoberNoWember; (8) 10 November
to 19 November; (9) 20 November to 29 November; and (10) 3@rNoer to 9 December.
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Catch-per-unit effort (CPUE) by the beach seine usezhpdure coho salmon for tagging was
used to describe the timing of the run through the taggew iarthe lower river. CPUE was
calculated for each 10-day period as the total number laf salmon caught divided by the
total number of beach seine sets (catch per setg nilimber of tags recovered in each major
recovery area from each of the release periods waltasestimate the CPUE of coho salmon
bound for these areas. The CPUE of coho salmonrfecovery areg@ during release periad
was estimated by:

N r
by = [6]

the estimated CPUE of coho salmon from recoveea p during release
periodi,

the number of tags recovered in gréaat were released during perigénd
the number of beach seine sets made during period

=
=
5]
o
|

For each area analyzed, the CPUE estimated for eadhylPeriod was summed across all ten
time periods to estimate a season total CPUE of sahnon bound for that recovery area.
The estimated CPUE of coho salmon from recovery jadeaing time period was converted
to the percentage of this season total CPUE for exgoareg to describe migratory timing
(Mundy 1982). These data were then graphed so that the amgtahing patterns to the
major recovery areas could be compared.

Analyses of Sex and Length Composition Data:

Significant differences in the probability of recowgricoho salmon tagged during different
release periodsrff were found at some recovery locations in 1986. Tempeatls in the
probability of recovery could be due to changing envirartaleconditions at the tagging site
which influenced the probability of capture. For exampigh and low water conditions may
have influenced the effectiveness of the beach seiad to capture fish in the tagging area.
Under low water conditions a higher proportion of theasalmon present might have been
caught than under high water conditions. Another posskfganation is that physical
characteristics of the fish themselves (for examgds, or length) may influence both rate of
capture for tagging and rate of recovery in tag recoanptes. For example, the beach seine
may capture larger coho salmon at a higher rate thaflesrsoho salmon so that a higher
proportion of the larger fish were tagged. As long asetieerandom mixing of coho salmon
tagged during different time periods in the recovery at@ad,the recovery process does not
have the same selectivity as the capture procesgrdsents no problems for the abundance
estimates.

Significant differences in the probability of findingtag during surveys conducted at different
times in a recovery are@)(were often found. Temporal trends in the physicatatdiaristics
of the population, combined with temporal trends in capaffieiency at the tagging site,
could cause the changes observed. During spawning groundssunadg fish may be more
likely to end up in locations that are sampled than fermsth, or larger fish may have a higher
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probability of being seen and sampled during spawning groundysutiran smaller fish. The
available data were examined to determine if thedgemfes were present. The data used in
these analyses were the length and sex compositionfatatdl coho salmon tagged at the
lower river tagging site and the tag recovery data usedh®mpopulation estimates. Coho
salmon recovered with a missing or illegible tag butifggan operculum punch could not be
used since their length and sex were not recorded abfinregovery.

Seber recommends testing the release (tagging) and ngec(@srapement) samples for
randomness with respect to length. The recovery sangdetested by comparing the length
distributions of individuals that were tagged but not repedéo those individuals that were
tagged and recoveredBoth a Mann-Whitney U test and a Kolmogorov-Smrr(i§-S) test
(Conover 1980) were used to compare the length distributiocsho salmon from these two
groups. These same tests were also used to comparengile distributions of male and
female coho salmon that were tagged in the lower SRaggt .

If there was a significant difference between thgtlerdistributions of male and female coho
salmon subsequent analyses were conducted for eachpseats®y. If there was a significant
difference between the length distributions of cohansal which were tagged but not
recovered and those that were tagged and recovered, #sSvere performed sequentially on
the length distributions to determine length categori#is mo significant difference between
these two groups. Testing began between 65 and 70 cm (@b@bvethe length distributions
of the two groups were not significantly different) aeddth was sequentially decreased by
one cm intervals until a significant differende< 0.05) between the groups was found. A K-S
test was then performed on those fish that wereeatettigth of the significant difference or
smaller. If there was a significant difference betwehe fish which were tagged but not
recovered and those that were tagged and recovered thesproas repeated for the fish in
this smaller length range.
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TAGGING MORTALITY TESTS RESULTS

The results of the tagging mortality studies are presding¢dince any conclusions from these
studies are applicable to all years of the study. Bhisllowed by the results of the mark-
recapture portion of the study for 1986. The success dhggeng mortality studies varied
from year to year. In some years, there were ewshich invalidated the experiments and did
not permit a comparison of mortality between thettneat and control groups.

1986

There were no mortalities in the treatment group erttino control groups during the first
week of the experiment (4 November through 12 Novemb@&h 13 November, a flood
knocked down the barrier between the coho salmon irtapging mortality study and the
other coho salmon in the raceway. The two groupssbfrhixed making it impossible to
identify fish in the control groups. Therefore, a congmn of mortality rates between
treatment and control groups was not possible. Anyatitees of the treatment (jaw-tagged)
group were recorded for the duration of the experiment.

Three fish from the treatment group were accidentgdgwsied. The first natural death
occurred on 26 November, 22 days after tagging, and theetasided death was on 5 January
1987, 62 days after tagging (Table 1). Only 30 of the originglohd salmon that were jaw-
tagged were recovered. The missing fish may have es@apbden among the 43 coho
salmon with unreadable or lost jaw tags sampled at Eladaint Hatchery.

1987

Four of the 25 (16.0%) jaw-tagged coho salmon (the treatgmentp) died in an unripe
condition before spawning. The dates of death of tfiesevere: 6 November (10 days after
tagging), 13 December (47 days after tagging), 3 January 1988 (6&fteEysagging), and

9 January 1988 (74 days after tagging). Only one of the 24 (4@at)ol group fish died
unripe before spawning. It died on 3 January 1988 (68 dayscafheure). All other fish in
the treatment and control groups were either ripe or spadwut at death. There was not a
significant difference (Fisher’s exact teBt,= 0.35) in mortality rates between the treatment
and control groups.

198

(o]

There was evidence of human and animal interferenctheatCareys Creek holding site
throughout the period of the experiment (3 October 1988 thr@Qgranuary 1989). Of the

100 coho salmon placed in the fenced-off area of thé,coedy 62 were recovered. Evidently
the missing fish were removed by human or other preslatowe assumed that these
individuals were removed at random and they were noteliftgwith respect to their eventual
mortality) from the fish from the same group (treattr@ncontrol) that remained.
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Table 1. Record of deaths for 30 jaw-tagged coho salmonfasdte tagging mortality test

in 1986.

Date of Days Alive
Death Condition Maturity Eventual Fate After Tagging
24-Nov-86 Dark Ripe Spawned 20
2€-Nov-86 Blust Ripe Natural Deat 22
2€-Nov-86 Blusk Ripe Natural Deat 22
2€-Nov-86 Blust Not Ripe Natural Deat 22
2€-Nov-86 Blust Not Ripe Natural Deat 22
01-Dec-86 Dark Not Ripe Natural Deat 27
01-Dec-86 Dark Ripe Spawne 27
01-Dec-86 Dark Not Ripe Natural Deat 27
01-Dec-86 Dark Ripe Natural Deat 27
01-Dec-86 Dark Ripe Natural Deat 27
01-Dec-86 Dark Ripe Natural Deat 27
02-Dec-86 Dark Ripe Spawne 28
02-Dec-86 Dark Ripe Natural Deat 28
03-Dec-86 Dark Not Ripe Natural Deat 29
04-Dec-86 Dark Ripe Natural Deat 30
0t-Dec-86 Dark Ripe Natural Deat 31
0t-Dec-86 Blust Not Ripe Natural Deat 31
0t-Dec-86 Dark Ripe Natural Deat 31
11-Dec-86 Blust Not Ripe Natural Deat 37
15-Dec-86 Dark Not Ripe Natural Deat 41
15-Dec-86 Dark Not Ripe Natural Deat 41
17-Dec-86 Dark Ripe Natural Deat 43
22-Dec-86 Dark Not Ripe Natural Deat 48
22-Dec-86 Dark Ripe Natural Deat 48
24-Dec-86 Blust Not Ripe Natural Deat 50
2¢-Dec-86 Dark Ripe Natural Deth 55
2¢-Dec-86 Dark Ripe Natural Deat 55
2¢-Dec-86 Dark Ripe Natural Deat 55
Ot-Jar-87 Blust Not Ripe Natural Deat 62
05-Jan-87 Blush Ripe Natural Death 62
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Only 12 of the 25 fish in the jaw-tagged treatment group fBo@ctober were recovered. Of
these, three of the 12 (25.0%) died in an unripe condititmydepawning. The dates of death
of these fish were: 16, 17, and 22 October (13 days, 14 daysl@ulays after tagging,
respectively). Fifteen of the 25 fish in the congodup from 3 October were recovered. Of
these, only one (6.7%) died in an unripe condition bespeavning. The date of death of this
fish was 6 December (64 days after capture). All otbbrrecovered from the treatment and
control groups were either ripe or spawned-out at deathereTwas not a significant
difference (Fisher’s exact ted®, = 0.29) in the mortality rates between the treatnasmt
control groups for the 3 October experiment.

Nineteen of the 25 fish in the jaw-tagged treatment group L0 November were recovered.
Of these, only one (5.3%) died in an unripe conditionreegpawning. The date of death of
this fish was 6 December (26 days after tagging). Sixbéehe 25 fish in the control group
from 10 November were recovered. None of this group dieghiunripe condition before
spawning. All other fish recovered from the treatmemd control groups were either ripe or
spawned-out at death. There was not a significant eliiter (Fisher’s exact tef?,= 1.00) in
the mortality rates between the treatment and cbgtoups for the 10 November experiment.

1989

There were no mortalities in the treatment group erctimtrol group during the first nine days
of the experiment (18 October through 27 October). On Zék@ec two jaw-tagged coho
salmon were found dead and in an unripe condition. A fallodved most of the fish being
held to escape on 1 November. Therefore, a compasismortality rates between treatment
and control groups was not possible.

Conclusions

Despite the problems that occurred during the tagging mgrealperiments, we feel that
considered as a whole these experiments present nlusigacvidence of significant tagging
mortality of jaw-tagged coho salmon. Tagging mortastyisually expected to occur during
the first 24 hours after tagging (Paulik 1963). In all yedi®86-1989), there were no
mortalities in the treatment group during the first rdiags after tagging. In 1987 and 1988,
although the treatment groups had a higher rate of ntgrten the control groups, these
rates were not significantly different. However, gever (Peterman 1990) of the above tests
to detect differences in mortality rates less than 3@ low (power for the tests ranged from
0.25 to 0.39) because of the small sample sizes.

Eames et al. (1981, 1983) conducted a series of tests desigdetktt tagging mortality in
the coho salmon tagged during their studies. They testevawy rates by condition of
release, set size (i.e., number of fish captured imptinse seine set), and tagging order for the
coho salmon tagged at all release locations during shaiies in both 1976 and 1977. None
of these tests resulted in significaRtg 0.05) differences among the various categories tested.
In addition to these tests, in 1977 they conducted a traegooatrol type experiment similar
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to the ones described in our study. They held 15 tagged andddged coho salmon in a
holding pen for approximately 46 hours. No mortalities evebserved. In a similar
experiment, 36 tagged coho salmon were held for about 21 incaupgen. One fish, judged to
be in poor condition at the time of release, died leefetease. Based on this evidence, they
concluded that their tagging operation did not result ig@ifsiant increase in mortality rates.
We feel our data support a similar conclusion, therefeeedid not adjust the tag releases to
account for any tagging mortality.
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TAG RELEASE-AND-RECOVERY RESULTS

The results of the tagging conducted in 1986 are summarizée ifoltowing five sections.
The summary consists of: (1) tag releases by day; §2etzoveries by location; (3) abundance
estimates produced using the tag release-and-recovery (datdditional analyses which
include migratory timing information from the releaselaecovery data and sex-length
composition data; and (5) a discussion of the “bestinasé of the number of coho salmon
migrating through the tagging area in the lower Skagit River

There are two different tag recovery percentages pessentthe results: the percentage of
tags recovered from the tag releases during a specigcstiratum 1) and the percentage of

tagged fish in samples collected during tag recovery sufpgyslhe recovery data from each

major area were tested to determine if there werefisart temporal differences in both of

these percentages. The results of these tests deddrminch data were pooled and which
model was used to estimate the abundance of coho saisnag the recovery data for a

specific area or group of areas pooled.

Tag Releases

Tagging began on 15 September and continued through 14 NoveAbetal of 1,689 coho
salmon were tagged during 26 days of tagging (Table 2). Aboutoi®fe tagged fish were
eventually recovered during surveys conducted to estimateetttentage of tagged fish in the
escapement.

The percentage of each day’s release of tags that eecasered ranged from 0% to 31%
(Figure 5). Generally, coho salmon tagged and releasedgdienfirst month of tagging
(15 September through 15 October) were recovered at a higigethan those tagged and
released during the second month of tagging (20 October thrbtigdovember). Four
temporal release strata were defined to determineeietlwere significant differences m
among the release strata using the recoveries anggcharea. The four release strata were:

15 September through 24 September;
29 September through 8 October;

13 October through 22 October; and
28 October through 14 November.

PN

Significant differences it among the release strata were found for the recevete

Baker River trap, Lower Sauk sub-basin spawning groundspaWning grounds from the
Middle Skagit sub-basin and above combined, the commaéstiaty, and for all recovery data
combined (Table 3). There were no significant tempdifedrences int among release strata
for the recoveries at Marblemount Hatchery and Middlagi sub-basin spawning grounds.
These tests were conducted only for recovery areassenten or more legible tag recoveries.
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Table 2. Number of coho salmon tagged each day and nurliersample tag
recoveries from each day’s release for the Skagitr RMIS6.

Number Tag Recoveries by Ared Recoveries

Date Tagged MMH BAK MSK USK LSA MSA USA SUl OTH CFS TFS Total % (n)
15-Sep 33 0 2 0 0 0 1 0 0 0 0 0 3 9.1%
16-Sep 36 3 1 0 0 0 0 0 1 0 6 0 11  30.6%
17-Sep 5 0 0 0 0 0 0 0 0 0 1 0 1 20.0%
18-Sep 57 1 3 0 0 0 0 0 0 0 6 0 10 17.5%
22-Sep 51 5 3 0 0 0 0 0 0 0 2 0 10 19.6%
23-Sep 78 2 4 1 0 0 1 0 0 0 3 0 11 14.1%
24-Sep 105 9 5 1 0 0 1 0 0 0 7 0 23 21.9%
29-Sep 115 7 8 0 0 0 1 0 0 0 4 1 21  18.3%
30-Sep 86 5 1 1 0 1 0 0 0 0 4 0 12 14.0%
01-Oct 21 0 1 0 0 0 0 0 1 0 1 0 3 14.3%
06-Oct 125 5 3 0 0 2 0 0 0 0 8 0 18 14.4%
07-Oct 17 1 1 0 0 0 0 0 0 0 0 0 2 11.8%
08-Oct 10 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
13-Oct 170 8 3 1 0 0 0 0 1 1 6 0 20 11.8%
14-Oct 26 0 1 1 0 0 0 0 0 0 5 1 8 30.8%
15-Oct 190 14 5 1 0 0 0 0 0 0 11 0 31 16.3%
20-Oct 126 7 0 0 0 1 0 0 1 0 2 0 11 8.7%
21-Oct 57 3 0 0 0 0 0 0 0 0 2 0 5 8.8%
22-Oct 20 2 0 0 0 0 0 0 0 0 1 0 3 15.0%
28-Oct 141 5 0 0 0 0 1 1 0 0 2 0 9 6.4%
29-Oct 82 5 0 1 0 1 0 0 0 0 0 0 7 8.5%
30-Oct 26 1 1 0 0 0 0 0 0 0 0 0 2 7.7%
31-Oct 19 1 0 1 0 0 1 0 0 0 0 0 3 15.8%
04-Nov 2 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
05-Nov 78 3 1 3 1 2 0 0 0 0 2 0 12 15.4%
14-Nov 13 1 0 0 0 0 0 0 0 0 0 0 1 7.7%

UNKNOWNb 49 5 5 2 4 3 0 4 1 0 0 73
TOTALS 1,689 137 48 16 3 11 9 1 8 2 73 2 310

9% Recovered 8.1% 2.8% 0.9% 0.2% 0.7% 0.5% 0.1% 0.5% 0.1% 4.3% 0.1% 18.4%

Locations are: MMH - Marblemount Hatchery; BAK - Baker River trap; MSK - Middle Skagit sub-basin; USK - Upper
Skagit sub-basin; LSA - Lower Sauk sub-basin; MSA Middle Sauk sub-basin; USA - Upper Sauk sub-basin; SUI -
Suiattle sub-basin; OTH - Cascade, Nookachamps, ar@arpenter sub-basins; CFS - Commercial fishery; ath TFS - Test
fishery.

b Fish recovered with no tag but having the secondamark (an operculum punch) or an illegible tag.
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Tag Recoveries

Samples to estimate were collected at 13 areas in the Skagit River drainagdotal of
35,953 coho salmon were examined of which 35,042 fish wergdewad in-sample and 911
were not considered part of the population subject to tggddample surveys were conducted
at: Marblemount Hatchery; Baker River trap; spawning gisun the Middle Skagit, Upper
Skagit, Lower Sauk, Middle Sauk, Upper Sauk, Suiattle, Cascadekaghamps, and
Carpenter sub-basins; and in commercial and test iesheOf the 310 in-sample recoveries,
73 fish (24%) had a tag with an illegible number or had ssing tag and were identified as
tagged by an operculum punch. The largest number of tagsreereered at Marblemount
Hatchery (137 recoveries or 44% of all in-sample recesgri The areas with the next largest
number of tag recoveries were the commercial fisliéByor 24%) and Baker River (48 or
15%). Combined, these three areas account for 83%ionfsaimple recoveries.

The percentage of tagged fish in the escapement sarppl&®rh the seven recovery areas
having seven or more tag recoveries ranged from 0.4%/ifdatle Sauk sub-basin spawning
ground samples to 1.1% for Marblemount Hatchery sampldsg#x There was a significant
difference ¥4, P < 0.01) inp among these seven areas.

The average number of days between release and redovenysample tag recoveries was
about 39 days (Table 5). Tagged coho salmon recoverdée icommmercial fishery had the
shortest average time between release and recoveday$2 and tag recoveries in the Lower
Sauk sub-basin had the longest average time betweeseredled recovery, 99 days. Tag
recoveries at Baker River trap had the earliest avedsye of release (1 October) and
recoveries in the Lower Sauk sub-basin had the latesage day of release (19 October).

Marblemount Hatchery:

Escapement samples were collected at Marblemount Hgtéteen 3 November through

23 January. A total of 12,388 coho salmon were examined 3hdagged fish (1.1%) were
found (Appendix Table A-1). The Marblemount Hatchery samgplconsidered a census
because all returning fish are sampled so the data werexamined for temporal differences
in p. The mixture of the coho salmon used for the meytedist with the other coho salmon at
Marblemount Hatchery (see page 21) complicated the estiof@t It is possible that up to

17 of the tagged fish recovered could have come from th&alitytest group and should not
be included in the data used for the population estimatso, A is possible that up to 47 of
the untagged fish examined at Marblemount could have b@emreed previously at Baker

River and should not be included in the Marblemount Haychatal. The complications

caused by this are discussed in the Abundance Estisetsn which follows.
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recovery area during in-sample surveys of the Skagit RIg86.

Table 4. Summary of the percentage of tagged or marked salhmn found in each

Fish Tags % Tagge

Recovery Area Time Period Examined Found ()]
Marblemount Hatchery 1. 03-Nov - 23-Jan 12,388 137 1.1%
Commercial Fishery 1. 26-Sep - 03-Oct 4,065 20 0.5%
2. 10-Oct - 24-Oct 2,267 31 1.4%

3. 25-Oct - 13-Nov 573 20 3.5%

4. 20-Nov - 06-Jan 434 2 0.5%

Total 7,339 73 1.0%

Baker River Trap X.25-Aug - 17-Sep 594 0 0.0%
1. 19-Sep - 23-Jan 5,041 48 1.0%

Middle Skagit Sub-basin 1. 29-Oct - 31-Dec 752 11 1.5%
2. 06-Jan - 06-Feb 1,044 5 0.5%

Total 1,796 16 0.9%

Lower Sauk Sub-basin 1. 26-Nov - 25-Feb 1,252 11 0.9%
Middle Sauk Sub-basin 1. 12-Nov - 25-Feb 2,110 9 0.4%
Suiattle Sub-basin 1. 02-Dec - 25-Feb 960 8 0.8%
Upper Skagit Sub-basin 1. 10-Nov - 26-Feb 446 3 0.7%
Upper Sauk Sub-basin 1. 25-Nov - 11-Feb 196 1 0.5%
Cascade Sub-basin 1. 19-Sep - 12-Feb 243 O 0.0%
Test Fishery (upstream) 1. 18-Sep - 29-Oct 523 1 0.2%
IN-SAMPLE TOTAL FOR UPSTREAM AREAS 32,294 307 1.0%
Carpenter Sub-basin 1. 28-Oct - 15-Jan 168 2 1.2%
Nookachamps Sub-basin 1. 03-Nov - 11-Feb 243 0 0.0%
Test Fishery (downstream) X. 21-Aug - 5-Sep 317 0 0.0%
1. 18-Sep - 07-Nov 2,337 1 <0.1%

IN-SAMPLE TOTAL FOR DOWNSTREAM AREAS 2,748 3 0.1%
TOTAL CONSIDERED IN POPULATION BEFORE TAGGING 911 0 0.0%
IN-SAMPLE TOTAL FOR ALL AREAS 35,042 310 0.9%
GRAND TOTAL FOR ALL SAMPLES 35,953 310 0.9%

% Includes fish recovered with no tag but having the s#sgnmark (an operculum punch) or having an
illegible tag.

® X indicates that these fish were considered to kténpopulation before tagging began and not subject to
tagging (i.e., they were not considered in-sample fistthfe abundance estimates).
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Baker River Trap:

Escapement samples were collected at Baker River wap 26 August through 23 January.
Based upon a four-day minimum travel time from the taggiep 40 Baker River dam
determined from all five years of tagging data (Appendixld &2), samples collected prior
to 19 September were not considered in-sample. A tb&84 coho salmon were examined
prior to 19 September. The average migration time lotéigged in the lower river to the trap
was 27 days (Table 5). A total of 5,041 coho salmon wgaenieed for tags after 18
September and 48 tagged fish (1.0%) were found (Appendix TaBle Arhe Baker River
trap sample is considered a census because all retushingrdé sampled so the data were not
examined for temporal differencesgn

Commercial and Test Fishery Samples:

An in-river commercial fishery was conducted in the uppear between RM 8 and RM 57 on
11 days between 26 September and 6 January. A total of 7,B88%almmon were examined
for tags and 73 tagged fish (1.0%) were found. There wagniicsint difference )¢, P <
0.01) inp among the four temporal strata established for thememal fishery (Appendix
Table A-4).

Test fisheries were conducted on 25 days between 21 AugustNovember. Recovery data
collected prior to 18 September were excluded from anaysie tagging did not begin until
15 September. A total of 317 coho salmon were examined faril8 September in the test
fisheries. A total of 2,860 coho salmon were examineddgs after 17 September: one tag
was found in 523 coho salmon examined (0.2%) from tesriehconducted in areas above
the tagging site and one tag was recovered in 2,337 fishredii 0.1%) from test fisheries
conducted in areas below the tagging site (Appendix Talalg A-

Middle Skagit Sub-basin:

Tag recovery samples were collected during surveys of Mi8REgit sub-basin spawning
grounds conducted from 26 November through 6 February and dfahsen Creek trap
operated from 29 October through 18 December. Surveys evagr@ducted by SSC and
WDFW crews. There was not a significant differemcg among samples collected by the two
agencies or at the trap (ARP,= 0.99) so all samples were combined. A total of 1,796 coh
salmon were examined for tags and 16 tagged fish (0.9%)faamd (Appendix Table A-6).
There was a significant differenc¥,(P = 0.03) inp between samples collected on or before
31 December and samples collected after this date.

Upper Skagit Sub-basin:
Tag recovery samples were collected during surveys of UBgagit sub-basin spawning
grounds conducted from 10 November through 26 February. Swreegsconducted by SSC

and WDFW crews. A total of 446 coho salmon were exadhior tags and 3 tagged fish
(0.7%) were found (Appendix Table A-7).
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Lower Sauk Sub-basin:

Tag recovery samples were collected during surveys of Ldaeik sub-basin spawning
grounds conducted from 26 November through 25 February. Swreegsconducted by SSC
and WDFW crews. There was not a significant diffeeeingp between samples collected by
the two agencies (Fisher’'s exact td3tz 0.62) so the samples were combined. A total of
1,252 coho salmon were examined for tags and 11 tagged fish) (@€% found (Appendix
Table A-8). The hypothesis of constgntor temporal strata in the recovery samples was not
rejected.

Middle Sauk Sub-basin:

Tag recovery samples were collected during surveys of MiBdlek sub-basin spawning
grounds conducted from 12 November through 25 February. Swreegsconducted by SSC
and WDFW crews. There was not a significant diffeeeingp between samples collected by
the two agencies}, P = 0.34) so the samples were combined. A total of 2,116 salmon
were examined for tags and 9 tagged fish (0.4%) were found dpp&able A-9). The
hypothesis of constaptfor temporal strata in the recovery samples wasejetted.

Upper Sauk Sub-basin:

Tag recovery samples were collected during surveys of UBpek sub-basin spawning
grounds conducted from 25 November through 11 February. Swreegsconducted by SSC
crews. A total of 196 coho salmon were examined fgs &nd only one tagged fish (0.5%)
was found (Appendix Table A-10).

Suiattle Sub-basin:

Tag recovery samples were collected during surveys oftleusatb-basin spawning grounds
conducted from 2 December through 25 February. Surveysooadeicted by SSC crews. A
total of 960 coho salmon were examined for tags and 8 tafigjed0.8%) were found
(Appendix Table A-11). The hypothesis of constantor temporal strata in the recovery
samples was not rejected.

Other Spawning Ground Surveys:

Spawning ground surveys were conducted in three other dxeadkachamps sub-basin,
Carpenter sub-basin, and Cascade sub-basin. Survele dfobkachamps sub-basin were
conducted by SSC and WDFW crews. A total of 243 cohoosalvere examined for tags
and no tagged fish (0.0%) were found (Appendix Table A-12). Bipgvground surveys of
the Carpenter sub-basin were conducted by SSC crews taad was operated by SSC on
Fisher Creek. A total of 168 coho salmon were exanfmethgs and two tagged fish (1.2%)
were found in these samples (Appendix Table A-13). SS@scsarveyed Cascade sub-basin
spawning grounds and examined 243 coho salmon (Appendix Tab{y.ANo tags were
recovered during surveys of the Cascade sub-basin.
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Out-of-System Recoveries:

No jaw tags from the tagging conducted in the Skagit Riveinglut986 were recovered
outside of the Skagit River system.

Abundance Estimates

Estimates of coho salmon abundance from the tag recdega for each recovery area having
seven or more tag recoveries are summarized in Tablellge details of the abundance
estimate for each location are in Appendix B. The mlmations with the Marblemount
Hatchery data caused by the possible mixture of thefriish the tagging mortality test with
the other coho salmon at the hatchery led us to prodeveral estimates from the
Marblemount data. We considered all possible outcomelseomixing on the Marblemount
sample and produced minimum and maximum estimates. Thenummniand maximum
estimates, and the estimate we selected to be rkelgt ire summarized below. The selected
estimate uses the data configuration we consider the pnolsable and the data reported in
Tables 2, 3, 4, 5 and Appendix Table A-1 reflect this cordigmn. This configuration
assumes that none of the unreadable tags recoveredralemMaunt hatchery came from the
17 coho salmon which escaped the holding area used ftagiemg mortality test.

Estimate Estimate St. Error 95% Confidence Intervdl
Minimum 151,144 12,216.5 130,425- 182,555
Selected 151,719 12,263.3 130,922 183,241
Maximum 172,798 15,000.1 147,803 211,843

Because there was a significant differencep ibetween recovery samples collected before
January and samples collected in January and Februahng iMiddle Skagit sub-basin, the
Petersen estimate was not appropriate. However,asibke solutions to Darroch’s stratified
estimator were fourfd Since the samples from Marblemount Hatchery and BRker trap
were both censuseshey were comparedto determine if it was appropriate to pool them.
The two samples were not significantly differeXt, @ = 0.37) so an estimate was generated
with the pooled data. The three samples from sub-babmee the tagging area which had no
significant (allP > 0.05) temporal differences m(Lower Sauk, Middle Sauk, and Suiattle)
were compared and no significant differencep iwere found X%, P = 0.21). The recovery
data from these locations were pooled to generate amaés, also. Finally,p for
Marblemount Hatchery, Baker River trap, and the Lowarks Middle Sauk, and Suiattle sub-
basins were compared. There was a significant diifer@amp among these areas when the
Middle Sauk sub-basin sample was includ¥g P = 0.06), but there was not a significant
difference inp among the remaining four locations when the Middle Sauoipte was excluded
(X, P= 0.66). Therefore, samples from these four areasb{dfaount Hatchery, Baker
River, Lower Sauk sub-basin, and Suiattle sub-basin) p@oed for an estimate.

* A solution to Darroch’s equations that had all posiéisémates for the; was not found.
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Estimates of the number of coho salmon migrating thrabghower Skagit River tagging area
ranged from 151,719 coho salmon using only Marblemount Hatckeovery data to 356,758
coho salmon using Middle Sauk sub-basin spawning ground rgcdatx (Table 6). Pooled
Marblemount-Baker-Lower Sauk-Suiattle data provided the mostise estimate (CV =
6.5%). The estimate with the largest CV was from 8eiaub-basin recovery data (CV =
31.4%). The 95% confidence intervals for the abundandmatet overlapped for each
recovery area.

Additional Analyses

The release data were divided into ten, 10-day time pefiwdfie migratory timing analysis
and to describe temporal patterns in the length and apasition of tagged coho salmon.
Coho salmon were tagged and released during seven optrasds.

Timing of Migrations to Major Recovery Areas:

The CPUE of coho salmon by the beach seine inaerl river tagging area is shown by day
and for each 10-day period in Figure 6. CPUE peaked during thectbbed through 20
October time period. Three areas had ten or moreseeies of legible tags which could be
used for the migratory timing calculations (Appendix Tabié5). Coho salmon from every
period with tag releases were recovered at Marblemoatahidry (Figure 7); this was the only
area in which this occurred. CPUE of coho salmombddar Marblemount Hatchery peaked
during the 11 October to 20 October period. CPUE of comosabound for Baker River
peaked during the 21 September to 30 September period. Colum $edm Middle Skagit
sub-basin spawning grounds had the latest timing with abet of the total CPUE of this
group occurring in the 31 October to 9 November period.

Length and Sex Composition Analyses:

The sex and length data for the 1,689 coho salmon taggectlaaded in the lower Skagit
River and the 237 in-sample recoveries with legible tagevanalyzed. Both the K-S and
M-W tests which compared the lengths of coho salmgged but notecovered to the lengths
of those tagged and recovered were significBrit 0.01) indicating that the recovery samples
were not random with respect to length of fish. Thewes also a significant difference
between male and female length distributions (K-S fst,0.01), therefore, all subsequent
analyses of length were conducted for each sex separdtes evident from Figure 8 that
male coho salmon had a higher proportion of smalle@sdjfish less than 50 cm) than female
coho salmon. Coho salmon less than 50 cm in lengtiposed 44% of the males that were
tagged but only 18% of the female coho salmon that vegged.
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Figure 7. Beach seine catch-per-unit effort (CPUE) diocsalmon bound for major Skagit
River tag recovery areas in 1986. CPUE is for ten-dapgei(starting date of
period shown) and is expressed as a percentage of th€ Ri#& for tagged fish
recovered from the area.
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Males Tagged male coho salmon averaged 50.9 cm in fork lengh=(&25). The mean
length of male coho salmon that were tagged but notveeed was 50.3 cm (SE = 0.27)
compared to a mean length of 54.6 cm (SE = 0.63) for male saimon that were tagged and
recovered. The length distribution of male coho saltiah were tagged but not recovered
was significantly different (K-S tesk < 0.01) from the distribution of those that were tagged
and recovered (Figure 9). Three length categories werreddfom the sequential K-S tests
for male coho salmon: (1) fish with lengths less th@rcm; (2) fish with lengths from 49 cm
through 52 cm; and (3) fish with lengths greater than 52 The percentages of tagged coho
salmon in each length category that were recoverede vBeB%, 11.8%, and 20.0%,
respectively (Appendix Table A-16).

Females Tagged female coho salmon averaged 55.3 cm in fork I€8&tk 0.24). The mean
length of female coho salmon that were tagged but rmmivezed was 55.4 cm (SE = 0.26)
compared to a mean length of 55.2 cm (SE = 0.58) for fecndle salmon that were tagged
and recovered. The length distribution of female collm@n that were tagged but not
recovered was not significantly different (K-S td3t 0.79) from the distribution of those that
were tagged and recovered (Figure 9). Therefore, sequiérialests were not conducted
(Appendix Table A-16).

Tag Recovery RatesThere was not a significant differen#é @ = 0.23) in tag recovery rates
between male and female coho salmon. The highestofatag recovery, 20.0%, was for
males in the largesk(53 cm) length category (Appendix Table A-16). There wsigraficant
difference X%, P = 0.10) in tag recovery rates among the release comdititegories. Coho
salmon classified as x- had a 10.3% tag recovery rale thoise classified as x+ had a 17.8%
tag recovery rate (Appendix Table A-17). There was rsigrificant differenceX, P = 0.19)

in tag recovery rates among the maturity categories.

Sex-Length Composition There were temporal changes in both the sex cotigrosind
length composition for each sex during the tagging perioguf€il0). The percentage of
males in the tagging samples declined from 62% to about 50%gdine first three periods
with tag releases. The percentage of females gradoelased from 38% to 50% during this
same period. The percentage of small males (< 49 cngraaltifemales< 52 cm) decreased
throughout the tag release period and the percentage ofralgs (> 52 cm) and large
females £ 53 cm) increased.

Conclusions

The tag recovery data consistently indicate that apmately 1% of the coho salmon
migrating through the lower Skagit River tagging area weaeglest and tagged. The
percentage of tagged or marked coho salmon in the sangres\éarly all the major recovery
areas (areas with seven or more tag recoveriesheasl%: Marblemount 1.1%; Baker River
trap 1.0%; commercial fishery 1.0%; Middle Skagit sub-ba$h960).Lower Sauk sub-basin
0.9%; and Suiattle sub-basin 0.8%. The one exceptionhedditidle Sauk sub-basin sample
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where only 0.4% of the fish examined were tagged or markée. tag recovery data indicate
that some coho salmon from spawning areas substautalinstream of the tagging site were
present in the tagging area. There were two tags resmbwe 411 coho salmon examined
(0.5%) during spawning ground surveys in the Nookachamps andnBarpab-basins.

We recommend that the estimate using the pooled Marhlarigaker-Lower Sauk-Suiattle
data be considered the “best” estimate of coho sakbandance for 1986. There was not a
significant difference inp among these areas. The samples from two of thes area
(Marblemount Hatchery and Baker River trap) are census&here were no temporal
differences irp for the samples from the two sub-basins. This eséirases the largest number
of tag recoveries (204) and therefore has the smaliést\@e do not recommend combining
the recovery data from the commercial fishery orNhedle Skagit sub-basin, even though
for these areas was not significantly different frhva pooled areas, because of the temporal
differences irp for the samples from these recovery areas. Tlmeast 161,926 coho salmon
(95% confidence interval: 143,082 to 188,325 fish), is for the purabfish present in the
lower Skagit River tagging area during the period 15 SeptenadbdrdtNovember. This
estimate includes coho salmon bound for all spawning groabhdse the tagging area and
some portion of the escapement to areas downstretma tdgging site.
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DISCUSSION

The methods used to estimate the number of coho sammite escapement to the Skagit
River using the tag release-and-recovery data and thempSsns necessary for these
estimates have been described. A discussion of hoMtheallata meet the major assumptions
for the Petersen model and a definition of the “poputdtwehich is being estimated follows.

Population was Closed

We assume that some coho salmon migrated through thexdagygia before and after the
period of tagging (15 September through 14 November). Undenaile assumptions la or
1b (described in the Methods section), the populatiorbeampen but the exact point in time
to which the estimate applies must be specified. WeHedrend in CPUE for the beach seine
used to capture coho salmon for tagging provides strong eeidiat the tagging period

encompassed the major portion of the coho salmon magratThe CPUE was low when

tagging began and was followed by an increase in CPU& peak during the period 11

October through 20 October. This was followed by a wedn CPUE in early and mid

November (Figure 6).

Coho salmon were counted at the Baker River trap poidagging in 1986. Adjustments

were made to the total number of fish examined at BRkear trap to account for this so that
the Baker River sample data would not bias the restilerefore, the estimate includes only
the portion of the population migrating through the taggieg after tagging began.

If we assume there is recruitment to the population dcsdmon migrating through the
tagging area after tagging ends) but no mortality befardish reached their spawning areas
(assumption 1b), and there is complete mixing of thedislthe spawning grounds, then the
abundance estimate includes coho salmon migrating thrbwegtadging area after the last day
of tagging Sampling at Marblemount Hatchery and at Baker Rragy occurred through 23
January. Tag recovery surveys were conducted in mosiasi-spawning grounds until mid
or late February. We feel there was sufficient tiimecoho salmon migrating through the
tagging area after tagging had ended to mix with the fikady present on the spawning
grounds and at Marblemount Hatchery.

Area Encompassed by the Estimates:

The Petersen model estimates the number of coho samgoating though the tagging area in
the lower river during the time period defined above. @&smate includes all coho salmon
bound for spawning areas above the tagging area (includingievfeount Hatchery and Baker

River) and all spawning areas in the Middle Skagit submbalsove and including Hansen
Creek (Figure 1). Even though Hansen Creek is belowatging area, the percentage of
tagged coho salmon found in samples at the trap wasgmificsintly different from samples

collected from other spawning grounds in the Middle Skagitsgin and was similar to other
upstream spawning areas. However, the tag release-@wkrg data suggest that only a
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fraction of the coho salmon which spawned in the Gagrseand Nookachamps sub-basins
passed through the tagging area. The percentage of tags samples from these areas
combined, 0.1% (including test fishery samples), was mucdilles than in the upstream
recovery areas. This indicates that only a portioth@® coho salmon from these areas passed
through the tagging area. Therefore, we conclude thaalbb@dance estimate does not
include all of the coho salmon which spawned in thep@ater and Nookachamps sub-basins.
If the total number of tagged fish that migrated to tlesgnstream areas could be estimated,
this number could be removed from the total numbergs taleasednf in equation 1) and the
abundance estimate would include only coho salmon bouratdasupstream of the tagging
site and the Middle Skagit sub-basin. We estimated thebewmf tags “lost” to these
downstream areas so that we could examine the efféloése tags on the abundance estimate
for the upstream areas.

Estimate of the Number of Tagged Fish “Lost” to Areasvidstream of the Tagging Area:

Three groups of fish from areas downstream of the tagaiag were examined for tags:
(1) commercial fishery catches; (2) test fishery loasc and (3) fish spawning in the Carpenter
and Nookachamps sub-basins. We were not able to talldea commercial catch in area 78D
to its subareas (78D-2, 78D-3, and 78D-4; see Figure 4) in 198@efdilme we assumed that
the entire 78D commercial catch was included in the almoedastimate. The tag recovery
data support this as the total percentage of tags foundnmmercial fishery sample$ (=
1.0%) was similar to that observed at all the upstresnovery areas with seven or more tag
recoveries but one (Table 4). There were no sammpgected for tags from the commercial
fishery catches in areas 78C and 8, 8E (inner Skagit Bagrgfore, we applied the percentage
of tags found in downstream test fishery samples (Ar&pldhouse, Blakes, Bay, and Jetty;
see Figure 4) to these catches. The numbers of taghgudsent on spawning grounds in the
Carpenter and Nookachamps sub-basins were estimated §wnggpe percentage of tags
found during in-sample surveys of these sub-basins comfimwedtagged fish found in 411
fish examined forp = 0.49%) to an independent estimate of the number of sahlmon
spawning in these sub-basins. The spawning ground escdpmdrese sub-basins was
estimated using a redd-count method (Conrad et al. 1993). ndineers used for these
calculations are summarized in Appendix Table A-18. Wimattd that a total of 63 tags
could have been “lost” to these downstream areashelfiumber of tags released is adjusted
to 1,626 (1,689 - 63), then (using the pooled Marblemount-Bakeetdsauk-Suiattle
recovery data) the estimated abundance for areas upstkdne tagging area becomes
155,889coho salmon. This is 6,037 fish less than the “unadjugstimate which is about a
four percent difference.
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The presence of coho salmon bound for systems outd8kégit River in the tagging area
would also affect the abundance estimate. In 1986, there mo out-of-system recoveries of
coho salmon tagged in the lower Skagit River. Therefeeedo not feel that either: (1) the
loss of tagged coho salmon to systems outside the Skagitd® (2) the contribution of coho

salmon bound for systems outside the Skagit River waga source of error.

All Coho Salmon Have an Equal Probability of Capture ildufTagging or the Recovery
Sample is a Simple Random Sample of the Population

These assumptions are often hard to satisfy as iffisuli or impossible to obtain simple
random samples from highly dispersed and mobile populatiBostunately, the estimates are
still valid under certain alternative assumptions. Juid@®3) demonstrated that selectivity
(non-randomness) may exist in both the tagging and eeg@amples without introducing bias
in the estimate if the sources of selectivity intve samples are independent.

During the Skagit River study, there is evidence thattalgging sample may not have been
random with respect to time. Certain portions of pgulation may have been tagged at
higher rates than others. There is also evidendethiarecovery samples on the spawning
grounds were selective with respect to the length ofishe at least for males. Eames et al.
(1981, 1983) found that there was a correlation betweenofi@etry and size of coho salmon
for the returns to the Skagit River in 1976 and 1977. Snialegenerally arrived earlier in
the run than larger fish. This presents a problemmihg of passage through the tagging area
is correlated with the size of fish aatea of spawning (Junge 1963). If such selectivity existed
the population estimates would contain a negative bidgwever, we believe if such a bias
exists it is small because the majority of the tagvery data used for the abundance estimate
were collected from areas where there was no sieets#ty (Marblemount Hatchery and
Baker River trap).

The use of different gears to obtain the tagging and ezgmamples is a common technique
for minimizing the bias due to selectivity (Ricker 1975p&e1982). In this study, coho
salmon were captured for tagging using a beach seine.v&gsamples were either a census
of all adults returning to an area (Marblemount Hatclaeny Baker River trap) and thus non-
selective, or were samples collected on the spawningngsoduring foot surveys (and to a
lesser extent by traps in some areas). We do nbthigeselectivity (non-random sampling)
was a significant source of bias for the estimatesulmee: (1) the methods used to capture
coho salmon for tagging were different from those use@d¢over them; and (2) a majority of
the tag recoveries used to estimate abundance weretedligy a census.
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Tagqging Does Not Affect the Catchability of an Animal

This assumption is necessary because some of thesatrhon passing through the tagging
area were subject to an in-river commercial fisladygve the tagging area. If jaw-tagged coho
salmon were removed at a different rate than untaggedthe percentage of tags in any
recovery samples collected after this removal woulditberent from the percentage of tags in
the population immediately after tagging. There is ndexnge of selective removal of tagged
fish in the data. In 1986, the percentage of tagged figlonmmercial fishery samples from
area 78D was essentially the same as that observgidratemount Hatchery, Baker River
trap, and in samples from most upstream spawning grounds.

Animals Do Not Lose Their Tags Between the First @adond Samples

In 1986, 24% of the tagged coho salmon recovered had missitgginle tags. How-ever,
the use of opercula punches on all tagged fish allowed salh@n with missing tags to be
identified as previously tagged. Identified tag loss musidoeunted for only in the Darroch
estimate of abundance which requires that the releasedpef recovered individuals be
known. When there was no tag but an operculum punch wssnpr@r the tag was illegible),
the release period was estimated as described in tHedesection. This was required only
when the Darroch estimate was selected as the appgeopmadel. The Darroch estimate was
used only for the abundance estimate produced from the emmmfishery data. The
Petersen estimate was selected as the appropriate foodélother estimates including the
“best” estimate. As long as all coho salmon withissing tag are identified by an operculum
punch, the Petersen estimate is not affected by ggngitags.

All Tagged Animals are Reported in the Second Sample

Because the majority of the tag recoveries used forathendance estimates were from
Marblemount Hatchery, and all coho salmon at Marblamhddatchery were inspected twice
for tags, we expect very few jaw-tagged (or marked) figrewmissed. Live fish were
individually inspected for tags and marks at Baker River d@uring surveys of spawning
grounds, surveyors carefully inspected each carcass foparculum punch if no tag was
visible. Considering that some carcasses were adaanced state of decay it is possible that
some fish with a missing tag were not identified. In 12&®ut 5% of the carcasses examined
on the upriver spawning grounds (Middle Skagit sub-basin andeploould not be sampled
because of their condition.

There are No Mortalities Due to Tagging

We concluded from the tagging mortality tests conducted diwimgof the five study years

that there was no evidence of tagging mortality. Theses provided strong evidence that
there was no short-term (within 48 hours) tagging meytalilhe tag recovery data from the
commercial fishery samples provide additional evideneg there was no delayed tagging-
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induced mortality occurring from two weeks up to three merafter tagging, either. The
average time between tag release and recovery faothmercial fishery recoveries, 12.4 days
(Table 5), was the shortest of any of the upstreaocovesy areas. Since the coho salmon
caught in the commercial fishery are caught relatiselyn after tagging, we would expect that
if there is any delayed mortality caused by tagging it wazduse the commercial fishery
samples to have a higher percentage of tags than tipdesaimat are taken much later, further
upstream. In 198 for the commercial fishery samples was very sintitathat for most of
the upstream recovery areas.
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CONCLUSIONS

The estimated abundance of coho salmon in 1986 was 161,926ithsh 95% confidence
interval of 143,082 to 188,325 fish. The mark-recapture estimdte the number of coho
salmon migrating through the tagging area after tagging bexgdd September. It includes
all coho salmon bound for spawning areas above the taggaa and an unknown fraction of
the salmon from spawning areas in the Nookachamps angei@ar sub-basins. This
abundance estimate was very precise (CV = 6.5%) becdutiee darge number of fish
examined for tags during in-sample surveys. To restietestimate to spawning areas in the
Middle Skagit sub-basin and spawning areas above it, adpistmvere made to the number of
tags released. Using the adjusted number of tags relehsegstimated abundance for this
more restricted area was 155,889 coho salmon. The \ariaihthis estimate was not
calculated because of the unknown precision for the astdnnumber of tags “lost” to
downstream areas. The adjusted estimate falls witl@n96% confidence interval of the
original estimate.

To estimate the number of “wild” coho salmon whichateed upstream spawning areas in the
Skagit River during 1986, the number of hatchery fish pluscatoshes by the commercial and
test fisheries above the tagging area need to be reniom the adjusted estimate and the
number of fish which migrated through the tagging area podagging needs to be added.
Since fish which migrated through the tagging area befoyging began are included in the
spawning ground samples, only prior-migrating fish returninBaker River and Marblemount
Hatchery need to be included. Since these areas wesesed, we have a total count of the
prior-migrating fish to these areas: 594 fish to BakereR&and 582 fish to Marblemount
Hatchery. In-population sport catches should also beeasibt from the adjusted estimate.
In-river catches of coho salmon by the sport fisherthe Skagit River were estimated to be
only 1,819 fish in 1986 (WDF 1987) and were not included in the suyntatal as the specific
dates and areas of harvest of these fish are unkndveammary of the total terminal area run
of coho salmon to the Skagit River in 1986 is present8alole 7 The total terminal area
run of coho salmon to the Skagit River in 1986 is estimated to HE87,525 fish. An
estimated 139,153 coho salmon were in the “wild” escapement to SkaBiver spawning
grounds. 127,750 fish were estimated to have reached upstream sgayroumds and 11,403
coho salmon were estimated for lower river (Nookagisand Carpenter sub-basin) spawning
grounds. For comparison, the escapement of “wild” ca@wman to Skagit River spawning
grounds estimated using index area surveys was 45,000 fislP&ikiffurst, WDFW, personal
communication). This estimate is two-thirds smalemn the tagging estimate. An alternative
estimate, derived from CWT recoveries in the tedtefies and trap recoveries (Hayman
1996), was for a wild escapement of 60,000 to 68,000 fish (dependinghgbatchery stray
rate assumed). Using a redd-count method, Conrad et al. (E39@)ated the wild
escapement to be 64,000 to 96,000 fish (depending upon the nundoéoasalmon per redd
assumed).
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Table 7. Summary of the number of coho salmon retutoirgkagit Bay in 1986.

Out of
Component In-Population Population Total
Upstream Estimated Total 155,889 1,397 157,286
Marblemount Hatchery 12,388 582 12,970
Baker River Trap Hatchety 2,277 45 2,322
Area 78D Commercial Catch 13,721 0 13,721
Upstream Test Fishery Catch 523 0 523
Upstream Removals and Hatchery Fish 28,909 627 29,536
Estimated “Wild” Esc_:apement 126,980 770 127.750
to Upstream Spawning Areas
Nookachamps Sub-basin Estimated Escapement 10,306 10,306
Carpenter Sub-basin Estimated Escapement 1,097 1,097
Areas 78C, 8E, 8 Commercial Catches 16,155 16,155
Downstream Test Fishery Catch 2,681 2,681
Downstream Total 30,239 30,239
Wild” Escapemerftto Spawning 126,980 12173 139,153
Grounds
Total Terminal Run to Skagit Bay 155,889 31,636 187,528

% Total number of coho salmon with adipose fin clips olesd at the Baker River trap. In
addition, 3,575 “wild” coho salmon (fish with adipose fingjurned to the trap of which
770 returned prior to 19 September and were deemed out of popBteve Fransen,
SSC, personal communication). The wild totals artudszl in the “wild” escapement
numbers.

® Includes estimated “wild” escapement to upstream spawniegsaand estimated
escapement to the Nookachamps and Carpenter sub-besngC@dnrad et. al 1993).

¢ The estimated catch by the in-river sport fishery W#49 coho salmon, but the specific
dates and areas of harvest of these fish are unkn®ha total wild escapement should be
reduced by the number of coho salmon caught in the gpbetry in upstream areas after
tagging began. The total terminal run should be increagethe number caught in
downstream areas or before tagging started.
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APPENDIX A

Summary tables of sample data for 1986.
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1986.

Sample Number of Number of % with Tag$
Date Sample Metho Fish Examine Tags Foun’ (p)
3-Nov  Pond Mortality 25 1 4.0%
24-Nov Spawned 1,138 10 0.9%
25-Nov Spawned 1,418 9 1.3%
26-Nov  Pond Mortality 202 9 4.5%

Surplused 265 6 2.3%

Total 467 15 3.2%

1-Dec  Pond Mortality 495 15 3.0%
Spawned 922 8 0.9%

Total 1,417 23 1.6%

2-Dec Spawned 1,633 13 0.8%
4-Dec Surplused 1,728 13 0.8%
5-Dec  Pond Mortality 388 7 1.8%
8-Dec Surplused 2,066 22 1.1%
9-Dec  Pond Mortality 179 1 0.6%
12-Dec Surplused 525 4 0.8%
15-Dec  Pond Mortality 8 0 0.0%
Surplused 112 0 0.0%

Total 120 0 0.0%

22-Dec Surplused 648 5 0.8%
29-Dec Surplused 434 2 0.5%
7-Jan  Pond Mortality 102 0 0.0%
9-Jan Surplused 83 1 1.2%
23-Jan  Pond Mortality 17 1 5.9%
Subtotals Pond Mortality 1,416 34 2.4%
Surplused 5,861 53 0.9%

Spawned 5,111 50 1.0%

IN-SAMPLE TOTAL 12,388 137 1.1%

% Includes fish recovered with no tag but having the s#amgnmark (an opercula
punch) or having an illegible tag.
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Appendix Table A-2. Summary of the number of days betwelrase in the lower Skagit
River and recovery at the trap at Baker River dam &rocsalmon
tagged from 1986 through 1990.

Average Number Standard Sample Range
Year of Days Error Size Minimum - Maximum
1986 27.3 2.1 43 8- 64
1987 28.5 1.6 101 4- 64
1988 21.4 1.6 67 5- 85
1989 25.3 3.2 15 8- 53
1990 23.1 2.7 15 12- 42
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Appendix Table A-3. Summary of coho salmon escapemenpleantollected at
Baker River trap in 1986.

Sample Number of Number of % with Tags
Date Fish Examined Tags Found ()

25-Aug 13 0 0.0%
8-Sep 59 0 0.0%
10-Sep 70 0 0.0%
11-Sep 181 0 0.0%
12-Sep 58 0 0.0%
16-Sep 126 0 0.0%
17-Sep 87 0 0.0%
Subtotal 594 0 0.0%
19-Sep 86 0 0.0%
23-Sep 257 0 0.0%
24-Sep 102 0 0.0%
26-Sep 78 0 0.0%
29-Sep 134 1 0.7%
1-Oct 248 1 0.4%
3-Oct 344 3 0.9%
6-Oct 160 0 0.0%
7-Oct 141 0 0.0%
10-Oct 125 0 0.0%
13-Oct 227 0 0.0%
15-Oct 287 4 1.4%
17-Oct 79 0 0.0%
20-Oct 215 2 0.9%
22-Oct 147 4 2.7%
24-Oct 70 1 1.4%
27-Oct 231 6 2.6%
28-Oct 429 7 1.6%
30-Oct 509 3 0.6%
31-Oct 255 3 1.2%
3-Nov 173 1 0.6%
7-Nov 209 0 0.0%
10-Nov 77 1 1.3%
14-Nov 92 1 1.1%
21-Nov 231 8 3.5%
26-Nov 64 1 1.6%
1-Dec 18 1 5.6%
5-Dec 3 0 0.0%
12-Dec 15 0 0.0%
19-Dec 7 0 0.0%
24-Dec 16 0 0.0%
31-Dec 7 0 0.0%
16-Jan 4 0 0.0%
23-Jan 1 0 0.0%
IN-SAMPLE TOTAL 5,041 48 1.0%

% Includes fish recovered with no tag but having the s#mgnmark (an operculum
punch) or having an illegible tag.
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Appendix Table A-4. Summary of coho salmon catch sampidiected from the
commercial fishery in area 78D, 1986.

Sample Number of Number of % with Tags
Date Fish Examined Tags Found (o))

26-Sep 2,14¢ 14 0.7%
3-Oct 1,917 6 0.3%
Subtota 4,06t 20 0.5%
10-Oct 68t 9 1.3%
18-Oct 76¢ 13 1.7%
24-Oct 81: 9 1.1%
Subtota 2,267 31 1.4%
25-Oct 33¢ 16 4.8%
12-Nov 16( 2 1.3%
13-Nov 7¢ 2 2.5%
Subtota 57: 20 3.5%
20-Nov 14( 0 0.0%
23-Dec 28! 2 0.7%
6-Jan 18 0 0.0%
Subtota 43¢ 2 0.5%
IN-SAMPLE TOTAL 7,33¢ 73 1.0%

% Includes fish recovered with no tag but having the s#@mgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-5.  Summary of coho salmon catch sangué#scted during test
fisheries in the Skagit River, 1986.

Area 2 Areas 3 and 4
Sample Number  # Tags % w/Tags Number # Tags % w/Tags
Date Examined Found (p) Examined Found' (p)

21-Aug
28-Aug 11 0 0.0%

29-Aug
4-Sep 7 0 0.0%

5-Sep
Subtotal 18 0 0.0%

18-Sep 47 0 0.0% 20 0 0.0%
19-Sep
23-Sep 40 0 0.0%
25-Sep
26-Sep
30-Sep 63 0 0.0%
2-Oct
3-Oct
7-Oct 25 0 0.0%
9-Oct
10-Oct
14-Oct 62 0 0.0%
16-Oct
17-Oct
21-Oct 20 0 0.0%
23-Oct
24-Oct
29-Oct 187 0 0.0% 503 1 0.2%
30-Oct
7-Nov
IN-SAMPLE
TOTAL

444 0 0.0% 523 1 0.2%

- continued -
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Appendix Table A-5. Summary of coho salmon catch sangalescted during test fisheries
in the Skagit River, 1986 (continued).

Spudhouse Blakes Bay and Jetty
Sample Number # Tags Number # Tags Number # Tags
Date Examined Found p Examined Found p Examined Found p

21-Aug 11 0 0.0% 20 0 0.0% 4 0 0.0%
28-Aug
29-Aug 32 0 0.0% 13 0 0.0% 4 0 0.0%

4-Sep

5-Sep 53 0 0.0% 66 0 0.0% 96 0 0.0%

Subtotal 96 0 0.0% 99 0 0.0% 104 0.0%

18-Sep 61 0 0.0% 52 0 0.0% 58 0 0.0%
19-Sep 85 0 0.0% 16 0 0.0%
23-Sep
25-Sep 17 0 0.0% 58 0 0.0% 69 0 0.0%
26-Sep 106 0 0.0% 66 0 0.0%
30-Sep

2-Oct 15 0 0.0% 94 0 0.0% 142 0 0.0%

3-Oct 81 0 0.0% 54 0 0.0%

7-Oct

9-Oct 57 0 0.0% 48 0 0.0% 48 0 0.0%
10-Oct 101 0 0.0% 60 0 0.0%
14-Oct
16-Oct 21 0 0.0% 56 1 1.8% 41 0 0.0%
17-Oct 44 0 0.0% 32 0 0.0%
21-Oct
23-Oct 59 0 0.0% 91 0 0.0% 26 0 0.0%
24-Oct 138 0 0.0% 25 0 0.0%
29-Oct 30 0 0.0%
30-Oct 27 0 0.0%

7-Nov 11 0 0.0% 4 0 0.0%

IN-SAMPLE
230 0 0.0% 992 1 0.1% 671 0 0.0%
TOTAL

% Includes fish recovered with no tag but having the s#mgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-7. Summary of coho salmon escapememlestfiom the Upper Skagit
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1986.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
10-Nov 1 0 0.0% 1 0 0.0%
19-Nov 1 0 0.0% 1 0 0.0%
3-Dec 1 0 0.0% 1 0 0.0%
4-Dec 7 1 14.3% 7 1 14.3%
5-Dec 5 0 0.0% 5 0 0.0%
8-Dec 1 0 0.0% 1 0 0.0%
9-Dec 2 0 0.0% 2 0 0.0%
15-Dec 7 0 0.0% 7 0 0.0%
16-Dec 5 0 0.0% 5 0 0.0%
17-Dec 78 1 1.3% 78 1 1.3%
19-Dec 1 0 0.0% 1 0 0.0%
22-Dec 71 0 0.0% 71 0 0.0%
24-Dec 12 0 0.0% 12 0 0.0%
30-Dec 5 0 0.0% 5 0 0.0%
5-Jan 2 0 0.0% 2 0 0.0%
6-Jan 7 0 0.0% 6 0 0.0% 13 0 0.0%
7-Jan 39 0 0.0% 39 0 0.0%
8-Jan 1 0 0.0% 1 0 0.0%
9-Jan 1 0 0.0% 1 0 0.0%
11-Jan 13 0 0.0% 13 0 0.0%
12-Jan 33 0 0.0% 33 0 0.0%
16-Jan 8 0 0.0% 8 0 0.0%
17-Jan 11 0 0.0% 11 O 0.0%
19-Jan 11 0 0.0% 11 O 0.0%
22-Jan 40 O 0.0% 40 O 0.0%
23-Jan 5 0 0.0% 5 0 0.0%
27-Jan 9 1 11.1% 9 1 11.1%
28-Jan 4 0 0.0% 4 0 0.0%
29-Jan 10 O 0.0% 10 O 0.0%
30-Jan 7 0 0.0% 7 0 0.0%
2-Feb 8 0 0.0% 8 0 0.0%
3-Feb 10 O 0.0% 10 O 0.0%
9-Feb 1 0 0.0% 1 0 0.0%
10-Feb 2 0 0.0% 2 0 0.0%
12-Feb 1 0 0.0% 1 0 0.0%
19-Feb 5 0 0.0% 5 0 0.0%
26-Feb 5 0 0.0% 5 0 0.0%
i 416 3 0.7% 30 0 0.0% 446 3 0.7%

% Includes fish recovered with no tag but having the s#mgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-8. Summary of coho salmon escapemenplssrfrom the Lower Sauk
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1986.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
26-Nov 1 0 0.0% 1 0 0.0%
11-Dec 3 0 0.0% 3 0 0.0%
12-Dec 32 0 0.0% 32 0 0.0%
17-Dec 7 0 0.0% 7 0 0.0%
23-Dec 16 0 0.0% 6 0 0.0% 22 0 0.0%
30-Dec 18 0 0.0% 18 0 0.0%
5-Jan 7 0 0.0% 7 0 0.0%
8-Jan 16 0 0.0% 16 0 0.0%
13-Jan 263 1 0.4% 263 1 0.4%
14-Jan 48 0 0.0% 48 0 0.0%
22-Jan 275 4 1.5% 275 4 1.5%
23-Jan 104 0 0.0% 104 O 0.0%
29-Jan 178 4 2.2% 28 0 0.0% 206 4 1.9%
30-Jan 51 0 0.0% 51 O 0.0%
4-Feb 67 1 1.5% 67 1 1.5%
5-Feb 43 1 2.3% 43 1 2.3%
6-Feb 10 O 0.0% 10 0 0.0%
12-Feb 54 0 0.0% 54 0 0.0%
18-Feb 4 0 0.0% 4 0 0.0%
20-Feb 20 0 0.0% 20 0 0.0%
25-Feb 1 0 0.0% 1 0 0.0%
IN-SAVELE 1,120 11 1.0 132 0 0.0% 1252 11 0.9%

% Includes fish recovered with no tag but having the s#mgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-9. Summary of coho salmon escapemenlesrfiom the Middle Sauk
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1986.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
12-Nov 1 0 0.0% 1 0 0.0%
18-Nov 2 0 0.0% 2 0 0.0%
3-Dec 22 0 0.0% 22 0 0.0%
5-Dec 67 1 1.5% 67 1 1.5%)
8-Dec 24 1 4.2% 24 1 4.2%)
12-Dec 58 0 0.0% 104 1 1.0% 162 1 0.6%
16-Dec 186 1 0.5% 186 1 0.5%
23-Dec 1 0 0.0% 1 0 0.0%
24-Dec 45 0 0.0% 45 0 0.0%
30-Dec 10 O 0.0% 10 O 0.0%
31-Dec 9 1 11.1% 9 1 11.1%
2-Jan 33 0 0.0% 33 0 0.0%
5-Jan 91 O 0.0% 4 0 0.0% 9%5 0 0.0%
9-Jan 45 0 0.0% 45 0 0.0%
12-Jan 349 0 0.0% 349 0 0.0%
15-Jan 28 0 0.0% 28 0 0.0%
16-Jan 142 1 0.7% 25 0 0.0% 167 1 0.6%
20-Jan 311 1 0.3% 311 1 0.3%
21-Jan 60 O 0.0% 60 O 0.0%
22-Jan 7 1 1.3% 77 1 1.3%
24-Jan 4 0 0.0% 4 0 0.0%
27-Jan 201 O 0.0% 201 O 0.0%
29-Jan 34 1 2.9% 34 1 2.9%
2-Feb 18 0 0.0% 18 0 0.0%
6-Feb 40 0 0.0% 40 O 0.0%
10-Feb 388 0 0.0% 38 0 0.0%
12-Feb 47 0 0.0% 47 0 0.0%
18-Feb 33 0 0.0% 33 0 0.0%
25-Feb 1 0 0.0% 1 0 0.0%
IN-SAVELE 1,677 6 0.4% 433 3 0.7% 2110 9 0.4%

% Includes fish recovered with no tag but having the sgmgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-10. Summary of coho salmon escapemenilesifitom the Upper
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1986.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found )
25-Nov 2 0 0.0%
19-Dec 16 0 0.0%
16-Jan 18 0 0.0%
21-Jan 36 1 2.8%
22-Jan 25 0 0.0%
23-Jan 2 0 0.0%
30-Jan 25 0 0.0%
4-Feb 18 0 0.0%
10-Feb 2 0 0.0%
11-Feb 52 0 0.0%
IN-SAMPLE

TOTAL 196 1 0.5%

? Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-11. Summary of coho salmon escapementlesifiom the Suiattle sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews, 1986.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found )
2-Dec 7 0 0.0%
10-Dec 58 0 0.0%
12-Dec 3 0 0.0%
17-Dec 38 0 0.0%
18-Dec 64 0 0.0%
23-Dec 35 0 0.0%
30-Dec 16 1 6.3%
6-Jan 70 0 0.0%
8-Jan 39 1 2.6%
9-Jan 1 0 0.0%
10-Jan 5 0 0.0%
13-Jan 135 2 1.5%
14-Jan 11 0 0.0%
20-Jan 16 0 0.0%
21-Jan 12 0 0.0%
22-Jan 106 1 0.9%
23-Jan 5 0 0.0%
28-Jan 19 0 0.0%
29-Jan 25 0 0.0%
1-Feb 16 0 0.0%
5-Feb 63 1 1.6%
7-Feb 2 0 0.0%
9-Feb 104 2 1.9%
17-Feb 65 0 0.0%
18-Feb 5 0 0.0%
19-Feb 1 0 0.0%
25-Feb 39 0 0.0%
IN-SAMPLE

TOTAL 960 8 0.8%

% Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-12. Summary of coho salmon escapemenmglasifnom the Nookachamps
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1986.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
3-Nov 1 0 0.0% 1 0 0.0%
2-Dec 1 0 0.0% 1 0 0.0%
3-Dec 2 0 0.0% 2 0 0.0%
5-Dec 5 0 0.0% 5 0 0.0%
9-Dec 4 0 0.0% 4 0 0.0%
10-Dec 11 0 0.0% 11 0 0.0%
16-Dec 42 0 0.0% 42 0 0.0%
19-Dec 42 0 0.0% 42 0 0.0%
21-Dec 6 0 0.0% 6 0 0.0%
22-Dec 7 0 0.0% 10 O 0.0% 27 0 0.0%
23-Dec 1 0 0.0% 1 0 0.0%
31-Dec 0 0.0% 4 0 0.0% 4 0 0.0%
5-Jan 22 0 0.0% 22 0 0.0%
7-Jan 0 0.0% 7 0 0.0% 7 0 0.0%
14-Jan 0 0.0% 3 0 0.0% 3 0 0.0%
15-Jan 25 0 0.0% 25 0 0.0%
19-Jan 22 0 0.0% 22 0 0.0%
21-Jan 1 0 0.0% 1 0 0.0%
26-Jan 15 0 0.0% 15 0 0.0%
2-Feb 1 0 0.0% 1 0 0.0%
11-Feb 1 0 0.0% 1 0 0.0%
IN-SAVELE 219 0 0.0% 24 0 0.0% 243 0 0.0%

% Includes fish recovered with no tag but having the s#mgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-13. Summary of coho salmon escapemerglesifmom the Carpenter sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews and at the Fisher Creek trap, 1986.

SURVEYS FISHER CREEK TRAP SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
28-Oct 1 0 0.0% 1 0 0.0%
7-Nov 1 0 0.0% 1 0 0.0%
8-Nov 1 0 0.0% 1 0 0.0%
19-Nov 3 0 0.0% 3 0 0.0%
20-Nov 50 O 0.0% 50 O 0.0%
21-Nov 20 O 0.0% 20 O 0.0%
22-Nov 10 1 10.0% 10 1 10.0%9
23-Nov 25 0 0.0% 25 0 0.0%
24-Nov 4 0 0.0% 4 0 0.0%
26-Nov 7 0 0.0% 7 0 0.0%
4-Dec 1 0 0.0% 2 0 0.0% 3 0 0.0%
5-Dec 1 0 0.0% 1 0 0.0%
11-Dec 7 1 14.3% 7 1 14.3%
15-Dec 6 0 0.0% 6 0 0.0%
22-Dec 4 0 0.0% 4 0 0.0%
24-Dec 2 0 0.0% 2 0 0.0%
27-Dec 1 0 0.0% 1 0 0.0%
29-Dec 9 0 0.0% 9 0 0.0%
30-Dec 1 0 0.0% 1 0 0.0%
31-Dec 2 0 0.0% 2 0 0.0%
5-Jan 1 0 0.0% 1 0 0.0%
6-Jan 8 0 0.0% 8 0 0.0%
15-Jan 1 0 0.0% 1 0 0.0%
IN-SAVELE 30 1 3.3% 138 1 0.7% 168 2 1.2%

% Includes fish recovered with no tag but having the sgmgmmark (an operculum punch) or
having an illegible tag.
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Appendix Table A-14. Summary of coho salmon escapemenplesnfrom the
Cascade sub-basin collected during spawning ground surveys
by Skagit System Cooperative crews, 1986.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (9))
19-Sep 1 0 0.0%
13-Nov 7 0 0.0%
26-Nov 3 0 0.0%
3-Dec 9 0 0.0%
9-Dec 19 0 0.0%
11-Dec 50 0 0.0%
15-Dec 8 0 0.0%
16-Dec 13 0 0.0%
18-Dec 43 0 0.0%
22-Dec 32 0 0.0%
29-Dec 13 0 0.0%
30-Dec 4 0 0.0%
6-Jan 5 0 0.0%
7-Jan 1 0 0.0%
8-Jan 12 0 0.0%
16-Jan 5 0 0.0%
18-Jan 9 0 0.0%
19-Jan 7 0 0.0%
30-Jan 1 0 0.0%
12-Feb 1 0 0.0%
IN-SAMPLE 243 0 0.0%
TOTAL

% Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-15. CPUE (catch per beach seine setplad salmon bound for
major recovery areas in the Skagit River, 1986. CPUE for
recovery areas estimated using in-sample tag recoveries.

Recoveries by release strata.
Number Coho Catch/ MM Baker R. Middle

Tag Release Period of Sets Catch Set Hatchery Trap Skagi
1. 01-Sep to 10-Sep 0 0 0 0 0
2. 11-Sep to 20-Sep 40 131 3.3 4 6 0
3. 21-Sep to 30-Sep 63 435 6.9 28 21 3
4. 01-Oct to 10-Oct 44 173 3.9 6 5 0
5. 11-Oct to 20-Oct 58 516 8.9 29 9 3
6. 21-Oct to 30-Oct 50 347 6.9 16 1 1
7. 31-Oct to 09-Nov 27 146 5.4 4 1 4
8. 10-Nov to 19-Nov 11 13 1.2 1 0 0
9. 20-Nov to 29-Nov 0 0 0 0 0

10. 30-Nov to 09-Dec 0 0 0 0 0
Totals 293 1,761 6.0 88 43 11

CPUE of fish bound for indicated recovery
areas.

Release MM Baker R. Middle
Period Hatchery Trap Skagi
1 0.00 0.00 0.00

2 0.10 0.15 0.00

3 0.44 0.33 0.0§

4 0.14 0.11 0.00

5 0.50 0.16 0.0§

6 0.32 0.02 0.02

7 0.15 0.04 0.19

8 0.09 0.00 0.00

9 0.00 0.00 0.00

10 0.00 0.00 0.00
Totals 1.74 0.81 0.27

CPUE standardized as a percentage of tojal
for area.

Release MM Baker R. Middle
Period Hatchery Trap Skagi

1 0.0% 0.0% 0.09

2 5.7% 18.5% 0.0%

3 255% 41.2% 17.8%

4 7.8% 14.0% 0.0%

5 28.7%  19.2% 19.3%

6 18.4% 2.5% 7.59

7 8.5% 4.6% 55.4%

8 5.2% 0.0% 0.09

9 0.0% 0.0% 0.09

10 0.0% 0.0% 0.09
Totals  100.0% 100.0%  100.09
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Appendix Table A-16. Summary of the number of tag releama$ number of
in-sample tag recoveries by length for male and feroale
salmon tagged in the lower Skagit River, 1986.

MALES FEMALES 'I
Length Number Number Percent Number Number Percen
incm Released Recovered Recovered Released Recovered Recovere(
<35 26 0 0.0% 2 0 0.0%
36 4 0 0.0% 1 0 0.0%
37 5 0 0.0% 1 1 100.0%
38 10 2 20.0% 1 0 0.0%
39 13 0 0.0% 1 0 0.0%
40 17 0 0.0% 3 0 0.0%
41 19 2 10.5% 3 0 0.0%
42 20 0 0.0% 6 2 33.3%)
43 38 2 5.3% 12 1 8.3%
44 47 3 6.4% 19 2 10.5%
45 38 2 5.3% 13 0 0.0%
46 30 3 10.0% 14 2 14.3%
47 42 5 11.9% 13 1 7.7%
48 42 3 7.1% 27 6 22.2%
Subtotal 351 22 6.3%
49 66 8 12.1% 15 4 26.7%
50 45 4 8.9% 26 3 11.5%
51 51 8 15.7% 33 8 24.2%
52 50 5 10.0% 33 5 15.2%
Subtotal 212 25 11.8% 223 35 15.7%
53 52 9 17.3% 49 8 16.3%
54 40 8 20.0% 46 8 17.4%
55 40 4 10.0% 44 8 18.2%
56 36 4 11.1% 46 9 19.6%
57 24 5 20.8% 43 5 11.6%
58 34 10 29.4% 44 6 13.6%
59 31 10 32.3% 47 6 12.8%
60 34 6 17.6% 40 5 12.5%
61 16 5 31.3% 40 6 15.0%
62 16 2 12.5% 30 2 6.7%
63 18 5 27.8% 25 5 24.0%
64 10 2 20.0% 20 3 15.0%
65 8 0 0.0% 11 1 9.1%
66 7 1 14.3% 10 1 10.0%
67 5 2 40.0% 5 1 20.0%
68 3 0 0.0% 4 0 0.0%
69 3 1 33.3% 8 3 37.5%)
70 2 1 50.0% 2 0 0.0%
71 2 0 0.0% 1 0 0.0%
72 0 0 0.0% 1 0 0.0%
73 1 0 0.0% 2 0 0.0%
74 0 0 0.0% 0 0 0.0%
75 1 1 100.0% 0 0 0.0%
76 1 0 0.0% 0 0 0.0%
77 0 0 0.0% 0 0 0.0%
78 0 0 0.0% 0 0 0.0%
79 1 1 100.0% 0 0 0.0%
Subtotal 385 77 20.0% 518 78 15.1%
TOTAL 94¢€ 124 13.1% 741 118 15.3%
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Appendix Table A-17. Daily summary of the numbers of cshtmon tagged in the lower
Skagit River and recovered during in-sample surveys, byreteqse
condition, and maturity classification, 1986.

SEX CONDITION MATURITY
Male Female X b3 X+ Bright Blush Dark

Date Rel. Rec. Rel. Rec] Rel. Rec. Rel. Rec. Rel. Rec] Rel. Rec. Rel. Rec. Rel. Rec
15-Sep 21 3 12 0 0 0 5 0 28 3] 33 3 0 0 0 0
16-Sep 19 5 17 6 0 0 13 3 23 8 35 11 1 0 0 0
17-Sep 4 1 1 0 0 0 0 0 5 1 3 0 2 1 0 0
18-Sep 37 6 20 4 0 0 7 0 50 10f 57 10 0 0 0 0
22-Sep 22 5 29 5 2 1 34 6 15 3] 47 10 4 0 0 0
23-Sep 43 6 35 5 0 0 8 1 70 10 72 11 6 0 0 0
24-Sep 73 17 32 6 0 0 93 20 12 3 97 21 8 2 0 0
29-Sep 73 13 42 8 0 0 105 18 10 3] 107 18 8 3 0 0
30-Sep 58 9 28 3 3 0 2 0 81 12( 86 12 0 0 0 0
1-Oct 9 1 12 2 0 0 3 0 18 3 21 3 0 0 0 0
6-Oct 63 6 62 121 14 2 111 16 0 0o 98 15 27 3 0 0
7-Oct 8 0 9 2 1 0 16 2 0 0 10 1 7 1 0 0
8-Oct 7 0 3 0 2 0 8 0 0 0 8 0 1 0 0 0
13-Oct 111 12 59 8 9 0 161 20 0 o 57 8 113 12 0 0
14-Oct 11 2 15 6 4 2 22 6 0 0 10 3 16 5 0 0
15-Oct 91 14 99 17 8 0 182 31 0 0O 113 21 77 10 0 0
20-Oct 62 5 64 6 3 1 122 10 1 ol 47 4 78 7 0 0
21-Oct 40 2 17 3 2 0 55 5 0 0 13 3 40 2 4 0
22-Oct 10 2 10 1 0 0 20 3 0 0 9 0 10 3 1 0
28-Oct 79 6 62 3 12 1 129 8 0 ol 47 1 85 8 9 0
29-Oct 38 1 44 6] 10 1 72 6 0 0| 44 2 33 5 5 0
30-Oct 14 0 12 2 6 0 20 2 0 o 15 2 8 0 3 0
31-Oct 9 2 10 1 5 1 14 2 0 0 10 0 8 2 1 1
4-Nov 0 0 2 0 1 0 1 0 0 0 1 0 1 0 0 0
5-Nov 39 6 39 6 5 0o 72 12 1 0 33 4 43 7 2 1
14-Nov 7 0 6 1 0 0 13 1 0 0 1 0 12 1 0 0
TOTAL 948 124 741 113 87 91,288 172 314 56(1,074 163 588 72 25 2
% Recovered 13.1 15.3 10.3 13.4 17.8 15.2 12.2 8.0
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Appendix Table A-18. Summary of the estimated number of frags areas downstream of
the tagging area in the lower Skagit River, 1986.

A. Downstream commercial fishery and test fishetgloas.

Catch Catch  Number  Number  Estimated
Before After of Fish of Tags  Total Tags
Area Tagging Tagging Examined Found Present
8E 0 771 0
8 122 3,329 0
78C 558 11,375 0
Test Fishery 317 2,364 2,337 1
Total 997 17,839 2,337 1 7.6

& Catches prior to tagging not included in tag recovery esipas.

® Test fisheries at Area 2, Spudhouse, Blakes, Bay, atyd Jet

B. Downstream spawning areas (redd data from Conrad[@08B]).

Estimated Estimated Estimated Number Number Estimjted
Number  Number of Total of Fish of Tags Total Tajgs
Area of Redds Fish/Redd Escapement Examined Found Pregent
Carpenter 211 5.2 1,097 168
Nookachamps 1,982 5.2 10,306 243
Total 2,193 5.2 11,403 411 2 55.5
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APPENDIX B

Details of abundance estimates generated for 1986.
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APPENDIX B

RECOVERY LOCATION: Marblemount Hatchery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 12,388
Number of Tagged or Marked Fish Recovered = 137

RECOVERY LOCATION: Baker River Trap
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 5,041
Number of Tagged or Marked Fish Recovered = 48

RECOVERY LOCATION: Marblemount-Baker Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 17,429
Number of Tagged or Marked Fish Recovered = 185
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APPENDIX B

RECOVERY LOCATION: Lower Sauk Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 1,252
Number of Tagged or Marked Fish Recovered = 11

RECOVERY LOCATION: Middle Sauk Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 2,110
Number of Tagged or Marked Fish Recovered =9

RECOVERY LOCATION: Suiattle Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,689

Number of Fish Examined for Tags = 960
Number of Tagged or Marked Fish Recovered = 8
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APPENDIX B

RECOVERY LOCATION: Lower Sauk-Middle Sauk-Suiattle Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 1,689

Number of Fish Examined for Tags = 4,322
Number of Tagged or Marked Fish Recovered = 28

RECOVERY LOCATION: Marblemount-Baker-Lower Sauk-Su@atflooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 1,689

Number of Fish Examined for Tags = 19,641
Number of Tagged or Marked Fish Recovered = 204
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APPENDIX B
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